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SPl anchored glyoopzot»in ACjk as a nofv^ tumor marker' 

The present Invention relates to . a GPi-anchored siirface 
glycoprotein having a GPI-anchor which Is characterized by a 
non-acetylated inositol ring and diatyl glyperol as lipid 
tail of the anchor. A particular glycoprotein of the 
invention, ACA, is strongly expressed in melanoma cells, 
some leukemia calls and other tumor cells, thus, is an useful 
marker for diagnosis of said tumorsi. The invention also 
relates to salts, functional derivatives and active 
fractions of ACA having s'Sbstantially the saiae spectrum of 
biological activities of ACA, The invtention also relates to 
a process for the purification of ACA, to its cloning and 
its prodxiction by recombinant DNA technigaee. It further 
relates to diagnostic compositions .comprising an anti-ACA- 
antibody or an ollognudeotide probe capable of hybridizing 
to ACA-mRNA and to pharmaceutical cpmpounds containing a 
cenqpound capable of reducing the expression of ACA or the 
activity of the protein. 

Tumorigenesis represents a complex multistage process in 
which genetic changes and environmental factors are thought 
to deregulate the cellular processes that control cell 
proliferation and differentiation. Melanoma are one of the 
most common cancers worldwide and the mortality of melanoma 
patients has increased for 230% in the last years. 
Diagnosis and monitoring of this type .of cancer is 
difficult because of the heterogeneitly of the disease. For 
diagnosis different grades of malignancy can be 
distinguished according to the Gleasoii-score -Diagnosis . For 
this diagnosis a tissue sample is taken from "the patient by 
biopsy and the morphology of the tissue is investigated. 
However, this approach only yields subjective results 
depending on the experience of .the patehologist. To 
summarize, unfortuiiately, the diagndstic methods used so 
far are quite insensitive and often' yield false-positive 
results due to lack of specificity, lioreover, by using the 
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current diagnostic methods any conclusions as regards the 
grade of malignancyr the progression of the- tumor and its 
potential for metastasizing cannot be drawn. Thus, the use 
of reliable diagnostic molecular marpcera wo^ild be helpful 
for an understanding of the molecular, basis of tumors, e.g. 
melanomas, for distinguishing benign from malign tissue and 
for grading and staging carcinoniar parlticularly for 
patient's with metastasizing melanoma having a very bad 
prognosis- It woiild be very useful to have a diagnostic 
marker in particular for micrometastases in melanomar whitdi 
provides information about the metastksis pattern in single 
tumor patients. This would improve the diagnosis and allow 
the selection of optimal chemotherapy. Such a marker has 
^ not been described so far. It can be expected that such 

markers are also useful for the development of novel 
therapeutic avenues for cancer treatment. 

Thus, the technical problem undferlying the present 
invention is to provide means for thje diagnosis of cancer 
which overcome the disadvantages • of the prior art 
diagnostic methods- 

The solution to said technical problem is achieved .by 
providing the embodiments characterized in the claims » 

^ A method has been elaborated to isolate and purify up to 

homogeneity, a novel mentorane glycoprotein containing a 
GPI anchor, by means of salting out with ammonium sulfate 
(40-80% saturation), followed by preparative SDS-P3M3E, 

...chromatography and acetone precipitation., .The preparation 
obtained, was homogeneous during electrophoresis in the 

. presence of 0,1% sodium dodecylsulfate after reduction with 
Z-mercaptoethanol. It is a protein soluble ' at its 
isoelectrical point (pH 5,5) with ; molecular weight of 
approx. 65.000 Dalton. The isolated .protein is linked to 
the membrane via glycosyl-phosphatldylinositol susceptiblfe 
to cleavage by purified phospholipase c. The hydrophobic 



Oe/0« 2002 18:03 FAX +49^88 43^^99 HDBER <l SCHDESSLBR EAT. 

- 3 - 



@009 



portion of the glycolipid membrane feuchor-.9f protein was 
radiolabeled with tha pHotoactjlvated reagent 3- 
(Trif luoromethyl) -3- (m- ["^jj iodophenyiL) diazirine and 
hydrolyzed with glycosyl-phospatiliylinositol specific 
phospholipase C (GPI-PLC) , followed by enzymatic 
deacetylation of the remaining lipid. Thin-layer 
chromatography, shows that the generated! radiolabeled 
fragment migrates with the same mobility as that of 
variant surface" glycoprotein (VSG) , obtained in the same 
manner. The anchor of Aca in contraist to other GPI-linked 
erythrocyte proteins - has a non-acetylated inositol ring 
and diacyl .glycerol^ rather than alkyl-acyl glycerol as 

^ lipid tail of anchor. Moreover, the distribution and 

membrane anchoring of ACA was investigated. Rabbit 
polyclonal antibodies as well as mouse monoclonal 
antibodies to the purified protein were produced and used 
to analyze the expressioja of ACA on human peripheral blood 
cells by one- and two-color flow cytometry. The results 
showed that this protein is unimodally present on all 
granulocytes, monocytes and B lyn^jhocytes, . but not on T- 
cells, Flow-cytometry analysis of erythrocytes showed no 
measurable protein expression indicating an* extremely low 
abundance of the molecule, whereas highly sensitive 
inmunoblot analysis revealed reactions of both, polyclonal 
and monoclonal antibodies with the erythrocyte membrane. 

^ ACA was removed from the granulocyte membrane by treatment 

with PI-PLC, an enzyme loiown to specifically hydrolyze the 
glycosylphosphatidylinositol (GPl) anchor. The precipitated 
soluble form of ACA in the eupematarit of granulocytes was 
immuno-blotted and detected with anti-ACA antibodies. B- 
cells were less susceptible to Pl-PLC digestion probably 
due to partial acetylatlon of the inositol ring. Epstein- 
Barr virus (EBV) -transformed B-cell line estetolished from' a 
paroxysmal nocturnal hemoglobinuria (PNH) patient, a 
disease characterized by partial or absolute* deficiency of 
all proteins anchored to the ffljembrai^ via inositolglycan, 
was ACA-negative, . in contrast to EBV cells of healthy 
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donors . Finally it was found that RIORi is strongly expressed 
in melaaoma and some leukemia cells strongly suggesting 
in5>ortant regulatory functions of- this protein. Two 
different monoclonal anti-ACA-antibodi^s were produced with 
both of them shown to be useful tor the- detection of 
primary and metastatic me3)anoma cells in 
Immunohistochemistry. 1 



Figure legends 



I 



Figure 1: Identification of products of phospholipases 
action 

Enzymatic reaction leading to the total hydrolysis of lipid 
tail of glycosylphosphatidyl inositol of ACA and enzymatic 
reactions for determinations of glycerol concentration. 

Figure 2: Purification and isolation of ACA 
Electrophoresis of erythrocyte ghqst anntonium sulfate 
protein fraction and purified ACA was performed on 4-15% 
SDS-PAJ3B. CA| lane 1, 2, 3, purified ACA protein obtained 
from various batches of erythrocytes, lane 4, 5, 40% 
ammonium sulfate precipitated protc|in extracts obtained 
from various batches of erythrocyte membrane, lane S, 
molecular weight marker. (B) purified ACA protein, has a 
molecular mass of approx. 65 kD 

Figure 3: Isoeleotrioal fooussing of ACA 

Electrophoresis of purified ACA on lEF-gradient gel was 
perfoiroed. (A) Lines 1-6: purified ACA .obtained from 
various batches of erythrocytes starting from anode, (B) 
starting from cathode. Lane 7A: lEF' broad pi calibration 
standards . 

Figure 4: Seguende of tryptio peptides of ACA 

i 
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Figure 5: SDS-FAQS analysis of phospholipaees dxgastod 
proteins 

Cleavage of ptirified ACA with GPI-PlIc, PI-PLC and GPI-PLD 
(A) If purified ACA; 2, PI-plc treated ACA «b) 1, purified 
ACA; 2, GPI-PLD treated ACA; 3, ACA treated with GPI-PLC. 

Figure 6:" Cross-reaotirig datorminantV epl-tq^ on ACA 
The cross-reacting determinant (CRD) is generated by the 
action of G/ PI-PLC- (A) SDS-PAGE 1, purified native ACA 
protein; 2, purified ACA GPI-PLC i cleavdd..(B) Innnuno- 
blotting with anti-CRD antibody; -3^ mf ACA (native 
protein) ; 4, GPI-PLC digested form of variant surface 
glycoprotein CsVSG) ; 5^ ACA digested with GPI-PLC; 6, ACA 
digested with GPI-PLD. 



Figure 7: Silica TLC analysis of fsagmenlzs generated by 
hydrolysis of anchors 

Samples of I^^^j] tid labeled/ purified ^proteins were 
hydrolyzed with GPI-PLC, The lipid products of this 
reaction ware further hydrolyzed with highly specific 
lipases. Radiolabeled fragments were extracted and analyzed 
by TLC. Myristic acid .was used a|S standard. Lane 1^ 
commercially available mf VSG used as controa was labeled^ 
digested ♦ with GPI-PLC and further hydrolyzed as described 
for ACA; lane Z, ACA protein GPI digested and further 
hydrolyzed ^ 



Figure Br Western blotting with anti-ACA polyclonal 
antibodty. 

Proteins were subjected to SD5-PAGB under reducing 
conditions r transferred to nitrocellulose and revealed with 
mouse- antibody to ACA. Lane 1, crude protein extract 
obtained from erythrocyte membrane!; lane' 2, purified 
erj^hrocyte ACA protein; lane 3, erythrocyte ghosts; lane 
4r ghosts prepared from erythroleukemia cells. 
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Fig, 9: KLqw cytoioB'trlc analysis Jof ACA.^ eacpresslon on 
hxunan. peripheral blood cell populations. 

Periplieral blood cells of a healthy donor were inciibated 
with mouse monoclonal antibodies to ACA plaas anti-mouse- 
igG-FITC. After lysis of erythrocytes the granulocytes , 
monocytes r lymphocytes ^ aixd rsticulbcytes were gated by 
FSC/SSC. Erythrocytes were separately analyzed- The 
findings show expression of ACA on granulocytes (b) , 
monocytes (c)r^ and, partially on lynphocytes (d) . . No 
expression on erythrocytes (e) and reticulocytes (f) was 
detected* A negative control with an irrelevant control 
antibody (a) was taken as reference. 



Fig, 10: Distribution of ACA antigen on peiripheral blood 
cells in healthy donors. 

This figure presents the sunnnary off data ' obtained from 
analysis of ACA expression on peripheral blobd cells of 20 
healthy donors as studied by flow cytometry^ with specific 
mouse monoclonal antibodies. The expression is shown as 
pMrcetitage of positive cells for each subpopulation: 
granulocytes, monocytes r and lynqphocytes . 

Fig. 11; Removal of grranulooyte menibrane-bouxid ACA by 
treatment with phosphatidylinositol speaific phospholipase 
e. 

Purified granulocytes were treated with buffer alone or 
with .PI-?LC frao^. BaQillus cereusr, . slzained with anti-ACA 
antibodies or irrelevant igG (negative control) and 
analyzed as described. Control experiments were done under 
the same conditions using erythroleukemia (HBL) cells 
stained with anti-ACA and anti-CD55 antib6dies. Another 
control was performed with bovine sdanm GPii^-phoBpholipase 
D, an enzyme which is not able to solubiliae GPI-anchorsd 
proteins. Histograms show: ACA exprelssion on granulocytes 
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(a), abolished ACA eacpression. on granulocytes after 
digestion with PI-rPLC (b) ^ acA expression on granulocytes 
after digestion with GPI-PLD (c), acA expression on HEL 
cells (d), abrogation of ACA ejcpres|Bion on wp.t. cells by 
treatment with PI-PLC (e), abrogation of CD55 expression on 
HEL cells by treatment with PI-PLC ff} . 



Fig. 12: Eaqpression of ACA on B lyinphocYtes and its 
cleavage by phosphatidylinositol specific phospliollpase C. 
Purified peripheral B lyiophocytes were incubated with 
elevated concentrations of bacterial PI-PLC' as described, 

\^ stained with the monoclonal antibody to ACA and analyzed by 

flow cytometry. The histograms show; ACA ei^ression on B 
l2/mphocytes and the igG matched negative control (a), ACA 
expression after treatment with PI-PLC (b) .. In a second 
experiment purified B lymphocytes were incubated " with 
antibodies to ACA (FITC labeling) and to typical B cell 
markers (CD19, CD20) (PE labeling) . The dot-blot analyses 
show: isotypa control (c), ACA expression on CD19- (d) .and 
CDZO-positive cells (e) . In a third experiment PHMCs were 
labeled with anti-ACA (PITC labeling)' and anti-CD19, -CD20 
antibody (PE labeling). The dot blot i analysers show isotype 
control (f), ACA expression on peripheral • CDl 9 positive 
cells (g), ACA expression on peripheral CD20 positive cells 

V-' (h) , A percentage of 10-15% of PBMC were positive for both 

ACA and B-cell antigens. 



Pig, 13: Expression of ACA on noxmsil and J^BV-transfToziiied 
SNH B lynphooyires . 

EBV- trans formed normal and PNH B lymphocytes were generated 
as described, stained with anti-ACA antibodies (FITC 
labeling) and analyzed by flow cytometry. Staining with an 
irrelevant control antibody was taken as reference . (neg. 
ctr.) . The histograms show: ACA ' expression on EBV- 
trans formed B lymphocytes derived from a healthy donor (a). 
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ACA expression on EBV-trMXSformed B lymphocytes derived 
from a ENH patient (b) . Whereas normal B-cells express high 
levels of ACA, PNH B-cells show (significantly reduced 
escpression of the antigen. 



Fig. 14: Eaqpreesion of ACA on T lyxn^tiocytes . 
T lymphocytes were purified as descxiibed and stained with 
monoclonal antibodies to ACA (FITC labeling) and to CD3 
(b)/ CD4 (c), or CD8 (d) (PE labelUng) . Ne|gative control 
(a) consisted of irrelevant PE- and PlTC-conjugated 
Immunoglobuiins . Percentage of ACA-positive cells are. shown 
in the XTR quadrant. In a second easperiment PBMC were 
stained with antibodies to ACA (PE-labeling) and to T-cell 
markers (FITC-labeling) : CD2 (f), CD5 (g) , y5-TCR (h) . 
Negative control (e) consisted of irrelevant PE- and FITC- 
con:)ugated ijmmunoglobulins . ACA positive T cells are shown 
in the UR quadrant. 



Fig. 15: ACA sxpression on T-c©ll | dooss derived from 
patients with. FV(H qxt malignancies. 

T cell clones obtained from PNH patljentSr negative (b) or 
positive (c) for CD48 (»GPI-linked protein? were stained 
with antibodies to CD4e (FITC labeling) ' and ACA (PE 
labeling) . The negative control consisted of staining with 
irrelevant PE- and FITC-conjugated immunoglobulins (a) . In 
an additional experiment cell lines derived from T-cell 
malignancies were analysed in one-bolor flow cytometry 
using anti-ACA antibodies .(FITC .labelling) . In the negative 
control the cells were stained with nonreactive FITC- 
conjugated immunoglobulins. Histograms show ACA expression 
on CEM cells (d) , MOLT4 cells (e), and Jurlcat cells (f) . 



1 J 

Pig, 16: Imnmnodetection of ACA solubilized from peripheral 
blood cell 6\lbpopiilat:lons . 



I 
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Saii5»les of 2x10* cells dissolved as described (a) or 
supernatant: of granulocyte cultiires (b) werte subjected to 
SDS-PA(SE and proteins were traneiferxjed to nitrocellulose. 
ACA was detected using antibodies pr^-^iously raised to tbe 
purified human erythrocyte RCA protein. Blot 'membranes were 
stained with . AP-conjugated seconolary antibodies . and 
BCIP/NTB substrate. The findings show (a) rorilecular weight 
marker (MWM) (lane 1), solubilized B celjls (lane 2), 
solubilized granulocytes (lane 3), soilubilized erythrocytes 
(lane 4), solubilized.. erythrocyte ghosts Uans 5), crude 
protein extract from erythrocyte membranes . (lane 6) . (b) 
MWM (lane 1) , supernatant of granulocytes before PI-PLC 
digestion (lane 2), precipitated supernatant of 
granulocytes after PI-PLC digestion (lane 3) . 

Figure 17 s Frozen sections of nermsll human skin stained 

with anti-ACA-antibocty. 

For details see Examples 1 and 13. 

I 

j • • 

Figure 18; Normal human cultured epidermal nslanocYtes 
stained with anti-AC2W~antibody. 
For details see Exanples 1 and 13. 

Figure 19a,b: Normal culture of human epidermal 
fceratinopytes (a) and keratinocyte cell line HaCaT (b) 
stained wii^ antl-AC2W antibody. 
For details see Exasgples 1 and 13. 



Figure 19c: Noaamal human csul tared epidermal, keratinoqytes 

(a) and keratinocytes cell line BaCaT (b) stained with 
anti -ACA-an tibody . 

Ironunoblot analysis with anti-ACA-aiatibody' of cell-free 



extracts show: melanocytes (lanes 1 



and 2} r Xeratinocytes 
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(lanfes 3 and 4), molecular weight * marker (lane 5). 
For details see Examples 1 and 13. 

Figure 20: Congenital Naevus 

For details see Examples 1 and 13. . 

• 

Figure 21: Frozen sections of human melanoma sizalned wx-Kh 

anti-ACA-antibody . ^ 

For details see Exanqples 1 and 13 . 

Figure 22: Melanoma skin metaatasis stained with anti-ACA- 
ahtibody 

For details see Examples 1 and 13. 

Figure 23: Frozen eeotlons off hun^ a> basalioma, b) 
eplnalxonia staxned with antl-ACA-antibody 

Figure 24: Immunoiblot analysis of normal skin and xoelanoma 
tumor tlsBues stained with. anti-ACA-aiitibody 
Hcaaogenized nomal skin (a), non-iimaune IgG (negative 
control) (b) , homogenized melanoma tumor • tissues obtained 
from different patients (c-f ) 



.PLgjiu:B,,25x. Jm!ianclblctt. a»alyBile. of . honioge^^ed tumpE- .tieewes. - 
using anti-ACAr-ant&body 

Renal (lane 1), lung (lane 2), breast, (lane 3), colon (lane 
4), gastric cancer (lane 5), melanom^ (lane 6 and myeloma 
(lane 7) . 
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Figure 26: ACA is expressed on stem calls 

Non-innnwae IgG (a), CD34/CD38 (b) , CD34/cb90 (c) ^ 
CD34/CD117 (d), ant±-ACA/CD3B <e) , antl-ACA/CDSO (f), anti- 
ACZV/CD117 (g), antl-ACA/HIA-DR [Ji) / non-inaaiahe igG (i), 
anti-AOl/CDlB (J), antl-ACA/CD33 (K) , and. aiiti-ACA/CD34 
(1) . 



Figure 27: RepresBntativ© histbgrains ^how AC& ea^ression on 
human leukemia cell lines 
(a) HEL^ (b) XT-937, (c) HL-60, (d) K-562 



Figure 2S: Ztmnandblol: analysis with anti-ACIW-antlbodies of 
cell -free eactracts of human leukemia oell lines 

(1) Molecular weight marker, (2) human chronic myelogenous 
leukemia (K-562), (3) human promyelocytlc erythroleukemia 

(HL-60), (4) human erythroleukemia (HEL)-, (5) human 
histiocytic lyn^Jhoma (D-937) 



Figure 29 

(a,b) : Peripheral blood cells of FMH patients were 
incubated with nu>use monoclonal antibodies to ACA plus 
anti-nouse-IgG FITC and analysed by FACS 

After lysis of erythrocytes the granulocytes were gated by 
FSC/SSC. 

(c) : Itamnnoblot analysis with anti-Ack-antibody of 
granulocytes menibrane fraction dbtainiad from healthy donor 
(lane 1) versus SNB patient (lane 21 

lane 3: molecular weight marker. 

(d) : Iwmunoblot analysis with anti-ACA-antibody of E«H 
granuloiaytes xnembrane fraction before (lane^ I) and after 
treatment with phospholipase C (lane 2) 

lane 3: molecular weight marker. 
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Ce,f ) : Unnninoblot analysis of soluble foxzn of ACA in 
. eupernatants of gramjlocYtss darivad troaa healthy flonor <d) 
and PMH patient (e) after the action, of phospholipase C. 



Thus, in one aspect, the present invention relates to a 
surface glycoprotein having the following f ©attires; 

(a) it is GPI-anchored on the cell exzrface; 
. , (b) it can be removed from the cell membrane by,. treatment • .. 
with PI-PLC; and 

(c) its GPl-anchor is characterized by a non-acetylated 
inositol ring and diacyl glycerol as lipid tail of the 
anchor. 

Preferably, diacylxnyristata -or other fatty acids are present 
in its lipid tail. 

in a preferred embodiment, said surface glycc{protein is the 
surface glycoprotein iiCA, characterized by the following 
additional features: 

- . (a) it. has an isoelectric point of IpH 5.5; 

(b) it is present on blood progenitor cells, 
granulocytes, monocytes, B-cells (but not T-cells) , . 
melanocytes and other cells; and 

Cc) it is preferentially expressed during cell division 
and in timor cells; 

or a salt, functional derivative ' or active fraction 
.-thereof .... ■ - 

AS used herein the term "salt" refers to both salts of 
carboxyl groups and to acid addition 'salts of amino groups 
of the protein molecule. Since thfe C-terminus of the 
protein is attached to the GPI-anchor, with diiacylmyristate 
at the end of the . molecule, the M-terminus of the protein 
is blocked, probably acetyXated. Therefore, salts cannot be 
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formed at the N-or C- terminus of the native full-length 
protein* Salts of a carboxyl group mky be formed by means 
known in the art and include Inorganic salta^ for example r 
sodium^ calcium, ammonium, ferric oaq sine salts, and the 
like, and salts with organic bases *as those formed, foir 
example, with amines , such as triethanolamine, arginina or 
lysine^ piperidine, procaine and the like. Acid addition 
salts include, for example^ salts with laineral acids such 
as, for examplar hydrochloric acid or sulfuric acid, and 
salts which organic acids suph as,, fpr example,, acetic acid 
or oxalic acid. 



"Functional derivative^ as used herein covers derivatives 
having substantially the same biological activity as ACA 
which may be prepared from the functional groups which 
occur as side chains an the residues or the N-or C- 
terminal groups, by means known in the art an»d are included 
in the invention as long as they ' do not destroy the 
activity of the protein and do not cqnf er tokic properties 
an cosopositions containing it. These derivatives, may, for 
exanple, include aliphatic esters of the carboxyl groups, 
amides of the carboxyl,.' groups, by reaj^tion with ammonia or 
with primary or secondary amines, derivatives, of free amino 
groups of the amino acid residues formed with acyl moieties 
(e.g. alkanoyl or carbocycHc axoyl groups) or 0-acyl 
derivatives of free hydroxyl group (for exaii?5le that of 
seryl or threonyl residues) formed with acyl moieties. 

An "active fraction" of .the ACA of the present invention 
covers any fragment or precursor of (the polypeptide chain 
of the protein molecule alone or togfether with associated 
molecules or residues linked thereto, e*g, sugar or 
phosphate residues, or aggregates of the protein molecule 
or the sugar residues by themselves, provided' said fraction 
has at least one biological activity of ACA, e.g. signal 
transduction activity. 
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The surface . glycoprotein ACA of the present inventidn^ 
preferably/ is obtainable^ from human Iblood by 

(a) isolating and lysing cellSr preferably* erythrocytes; 

(b) isolating, disrupting and pelleting the hemoglobin 
. free membrane of said cells; \ 

(c) repeated salting out of the. resuspended membranes 
with ammonium sulfate (70%; 40% sa-liuration) ; 

(d) siibjecting the proteins precipitated .in step (c) to 
preparati^re SD9-PAGE under reducing conditions; and 

(e) isolating the gel. band of the protein. 

The various steps . of this method can be carried out according 
to standard protocols, e.g., the protocols described in the 
following examples* 

In a preferred embodiment/ the surface glycoprotein ACA of 
the present invention is furthermore char ajcteri zed by a 
molecular weight of about 65 kD when analyzed, by SDS PAGE 
under reducing conditions. 

In an even more preferred embodiment^ the sxurface 
glycoprotein ACSl. of the present invention coittalns. at least 
one of the following amino acid sequences: 

(a) D-L-V-P-L-E-D-K-V-T-I-L-G-M-T-A; 

(b) K-L-A-L-S-A-D-D-P'-G-F-H-M-F-S-H-Q-R-Q-T ; 

(c) D-Q-Q-T-T-S--H-S-S; 

(d) V-L-E-I-M-L-P; 

Ce) P-Q-D-E-S-E-A-N-K? 
(f) M-K-Y-V-N-F-K-F-Y-F; 
. .(g) N-^L-D-F-M-T-W-CS-iV-TrK-VrT-y-IrG-rQ^P-TT-rG-G.; . 

(h) L-Ir-M-D-N-N-E-A-V-H; 

(i) F-D-Q-A-W-A-D-T-A-H-T-W; 

(j) K-L-P-D-I-Q-K-D-M-Y-S-Q-Q-D-T; [or 

The protein sequence data for ACA are available in the SWISS- 
PROT and TrEMDBL Icnowledge base under' the accession number 
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• The present invention also relates to a process for tke 
isolation of a surface glycoprotein jRca whicb comprises: 

a) isolating and lysing cells^ preferably erythrocytes, 
from human blood; 

(b) isolating, disrupting and pelleting 'the hemoglobin 
free meabirane of said cells; 

(c) repeated salting out of the resuspended membranes 
with anmanlxm sulfate (70%; 40% saturation); 

(d) sitt>jectizig the proteins precipitated in step (c) to 
preparative SDS-PaaB under reducing conditions; and 

(e) isolating the gel band of a 65 kD protein. 

The present invention also relates to a recombinant surface 
glycoprotein ACa which is, preferably,, produced in a 
manfflialian cell. Methods for the recombinant production of ACA 
using a nucleic acid molecule of the invention are described 
below. 

• • • 

The present Invention further concerns a nucleic acid 
molecule, preferably a DMA molecule, comprising a nucleotide 
sequence encoding the surface glycoprotein. tiCA of the 
Invention or a functional derivative or fragment thereof, 
wherein said surface glycoprotein ACA contains at least one 
of the following amino acid sequences: 

(a) D-L-V-P-L-E-D-K-V-T-I-L-G-M-T-A; 

(b) K-li-A-L-S-A-D-D-P-G-FrH-N-P-S-H-Q-R-Q-T ; 
(C) D-Q-Q-T-T-S-H-S-S; 

(d) V-L-B-l-M-Ir-P; 

(e) F-Q-b-E-S-E-A-N-K; 

(f) M-K-Y-V-N-F-K-F-Y-F; 

( g) N-Ir-D-F-M-T-W-G-V-T-K-V-T-Y-I-G-Q-P-T-G-G ; 

(h) L-L-M-D-N-N~E-A-V-H; 

(i) F-D-Q-A-W-A-D-T-A-H-T-W; 

(3) K-L-D-D-I-Q-K-D-M-Y-S-Q-Q-D-Tf ,or 
(k) G-V-W-I-M-K-N-Q-I-T. ! 
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The term "DMA molecule" includes genomic DNR^ cUNA, 
synthetic DNA. and combinations thereof. 

The cloning of ftCA may be carripd out by different 
techniques. According to one approaclji, specific antibodies 
(polyclonal or monoclonal) to ACA ar^ produced and used to 
clone ACA. This approach ±s. based on the following three 
steps : 

.(A) Preparation of • antibodies : ant irACA- antibodies . can be ... 
produced either by using the substantially purified ACA of 
the present invention or by using one or more synthetic 
peptides identical to the known amino acid sequence of the 
proteiur or by fusing : one of. the possible nucleotide 
sequences deduced from the amino acid sequence of ACA to 
the gene coding for Protein A and expressing the fused 
Protein A - ACA in E. coli - The generation of suitable 
antibodies is described below, 

(B) screening of ACA producing cells: The antibodies to ACA 
are used to search for cells produting ACA. by 
immunofluorescence or by Western i?lot. Exaii?)les of suitable 
cells can be found in the Exaioples^ below, 

(C) Preparation of cDNA from producing cells : .mENA is 
extracted from ACA producing cells and cDNA is prepared by 
the use of reverse transcriptase. The cDHA is cloned in an 
expression vector such as lambda-gTHf laiiibda-''ZAP''. (e.g., 
^WI-ZAPtM XR custom cENA library"; Stratagene, La Jolla, 

-CA, - USA) and screened by the -use of the antibodies prepared 

according to standard methods, e.g. the ''SEREX''-method 

(Sahin et al., Proc. Natl.. Acad. Sci. USA, Vol. 92, S, 

11810-11813, 1995) or the method described by TCreci et al. 

(Cancer Res. 56 (1996),. 4766-4772). Antibodies binding to 

recombinant • proteins ^ expressed in lytic plaques can be 

detected, e.g., by incubation with an , alkaline phosphatase- 

conjugated goat anti-mouse IgG (e.g. availaBle from DAKO, 

f • 

I 
! 
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GloBtrup, Danmark) and visualiaed by staining with S-bromo- 
4-chloro-3-indolyl phosphate and nitroblue tetrazolium. 

Following another approacih, a synthetic oligonucleotide or 
a mixture of synthetic oligonucleotide, who&e sequence is 
derived from the sequence of a fragment of the ACA protein 
are produced and this oligonucleotifcle or the mixture of 
oligonucleotides- are used as a probe for cloning the cDNA 
or the genomic DNA coding for the ACS. Protein. The genomic 
UNA may or may not include naturally occurring introns. It 
may be obtained, for example, by extraction: from suitable . 
cells and purification by means well Jcnown in the art, 
\^ Suitable ENA preparations, such as human genomic UNA, are. 

enzymatically cleaved by . restriction enzymes, or randomly • 
sheared, and the fragments inserted into appropriate 
recombinant vectors to form a gene library! Such vectors 
can then be screened with synthetic o^gonucieotides probes 
in order to identify a sequence coding for taie ACA protein 
of the present invention. 

Alternatively, mBMA is isolated from k cell vfhich expresses 
the ACA protein of the invention and used to produce cdna 
by means well known in the art; see, e.g. Sdmbrook et al., 
1989, Molecular Cloning: A Laboratory Manual, 2"" edition. 
Cold Spring Harbor Laboratory Press, NY, USA, This cDNA, 
w ^ after conversion to the double-stranded form, may be cloned 

and the resulting clone screened with an appropriate probe 
for CDNA coding for the desired sequences. Once the desired 
clone has been isolated, the cDNR may be nianipulated in 
substantially the same manner, as the 'genomic PNA. Kowever, 
with CDNA there will be no introns e«r intervening 
sequences. In order to design the oligonucleotides to be 
used as probes, one can use the- partidl amino acid 
sequences shown in Figure 4. in addition, it is possible 
either to perform sequence analysis of the intact ACA 
protein or to obtain further peptide 'fragmenlte thereof and 
to characterize their amino acid sbquance. In order to 
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obtain peptide fragmentB, pxirified protein preparations are 
subjected to fragmentation/ e.g. • by ddgestion with 
proteases such as trypsin, chymotpypsin .or papain by 
methods well known in the art, e.g. the methods described 
in the examples , below. The peptide fragments produced by 
digestion are separated by reversed phase HPLC and 
sequenced by automatic amino acid sequencing techniques. 

Once one or more suitable peptide frapments have been 
sequenced or , a partial sequencq. . of .the protein is 
detenained, the DNA sequences capable of encoding them are 
examined. Due to the degeneration of the genetic code, more 
^•tlnTl one codon may be used to encode a particular amino 
acid and one or more xtlffarent oligonucleotides can be 
produced, each of which would be capable of encoding the 
AC& protein peptide fragments. However, only one member of 
the set contains the nucleotide sequence that is identical 
to the nucleotide sequence of the genfe. Its presence within 
the set and its capability to hybridize to DMA even in the 
presence of the other members of the set, makes it possible 
to eiJ?)loy the lanfractionated set of oligonucleotides in the 
same manner in which one would entploy . a. single 
oligonucleotide to clone the gene that encodes the peptide. 
The use of such oligonucleotide or set of oligonucleotides 
containing the theoretical "most probable* sequence capable 
of encoding the ACA Protein gene fragments ( following the 
"codon usage rules" disclosed in standard literature) 
permits to identify the sequence of a . con^lementary 
oligonucleotide or set oligonucleotides which is capable of 
hybridizing to the "most probable"? sequence encoding the 
ACA protein or at least a portion thereof, or a set of such 
sequences. This oligonucleotide * containing such a 
complementary sequence may then be synthesized and employed 
as a probe to identify and isolate the gene of the ACA 
protein of the invention. Once a suitable oligonucleotide, 
or set of oligonucleotides, which is capable of encoding a 
fragment' of the ACA protein gene (or Which is complementary 
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to such an oligonucleotide, or sat of oligonucleotides) is 
identified using the above-de^cribfed procedure, it is 
synthesized and hybridized to a DNA: or preferably, to a 
cim preparation derived from cells which are capable, of . 
expressing the desired gene, preferably after the source of 
CDNA has been enriched for the desired sequences, e.g. by 
extracting BMA from cells which produce high levels of 
the desired gene and then converting it to the 
corresponding cDNA by en^^loying the enzyme reverse 
transcriptase. Procedures for hybridization of nucleic 
acids are common knowledge. By hybridization whith the 
above oligonucleotides or set of oligonucleotides probes, 
it is possible to identify in a cDNA or genomic library, 
the Dha sequences capable of such hybridization and they 
are then analyzed to determine to what extent they contain 
encoding sequencea for the ACA protein of the invention. 

Alternatively, primers for a PCR reaction can be designed on 
the basis of a partial amino acid sequence of ACA and used to 
isolate the gene encoding ACA or a part thereof using as a 
source the cells or libraries descrlised above. Finally, on 
the basis of the nucleic acid sequences derived" from the 
partial amino acid sequences of ACA ceammonly available gene 
banks, e.g. EST based gene banks, can be screeaed. 

The invention furtharmore relates to vectors containing the 
nucleic acid molecules of the Invention. Preferably, they . 
are plasmids, cosmids, viruses, bacteriophaiges and other 
vectors usually used in the field of genetic engineering. ' 
Vectors suitable for use in the present invention include, 
but are not limited to the TV-based expression vector for • 
expression in bacteria, the piMSXND expression vector for 
expression in mammalian cells and baculovirus-derived 
vectors for escpression in insect cells. Preferably, the 
nucleic acid molecule of the invehtion is operatively 
linked to the regulatory elements in fthe recombinant vector 
of the invention that guarantee the transcription and 



--^ — A -no /no /nnnn lOam 



)8/08 2002 18:08 FAX +49 89 437' 




9 



HUBER & SCHUESSLBR'TSr 



- 20 - 



synthesis of an BHA in prokaryotic and/or eukaryotic cells 
•mat can be translated. The nucleotide siequence to T^e 
transcribed can be operably linked toi a proniotor like a T7r 
metallothioneln I . or polyhedrin promoter • 

In a further erobodiment, the present invention relates to 
recombinant host cells transiently or stably containing the 
nucleic acid molecules or vectors of the invention, A host 
cell is understood to be an organism that is capable to 
take up in vitro recombinant DNA. and/ if the case, may be, 
to synthesize the ACA proteins, fragments etc, encoded by 
the nucleic: acid molecules of the invention. Preferably, 
these cells are prokaryotic or eukaryotic , cells, for 
example mammalian cells, bacterial cells, insect cells or 
yeast cells.. The host cells of the invention are preferably 
characterized by the fact that the introduced nucleic acid 
molecule of the. invention either is heterologous with 
regard to the transformed' cell, i.e. that it does not 
naturally occur in these cells, or is localized at a place 
in the genome different from that of the corresponding 
naturally occurring sequence. 

A further entoodiment of the invention relates to a method 
for the recombinant production of an ACA protein of the 
invention, whereby, e.g. a host cell of the invention is 
cultivated under conditions allowing the synthesis of the 
protein and the protein is subsequently isolated from the 
cultivated cells and/or the culture medium. Isolation and 
purification of the recombinahtly produced piroteins may be 
carried out . by conventional means including preparative 
chromatography and affinity and immiino logical separations 
Involving affinity chromatography with monoclonal or 
polyclonal anti-ACA- antibodies . The ACA proteins are 
preferably in a substantially purified form- A 
recombinant ly produced version of ACS can be substantially 
purified by the one-step method defecribed in Smith and 
Johnson, Gene 67:31-40 (1988). 
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The present liivehtion also relates to an antibody to the 
surface glycoprotein ACA of the present inve^ition. The term 
^antibody", preferably, relates to antibodies which consist 
essentially of pooled monoclonal antibodies with different 
epitopic specificities, as well as distinct monoclonal 
antibody preparations. Monoclonal antibodieB are made from 
an antigen containing fragments of. the proteins of the 
, invention by methods well known to those skilled in the art 
(see, e.g., KOhler et al.. Nature 256 . (1975) , 495), As used 
herein, the term "antibody" (Ab) or "monoclonal antibody" 
(Mab) is meant to include intact molecules as well as 
Vj. antibody fragments (such as, for exaiii>le. Fab and F(abM2" 

fragments) which are capable of specifically binding to 
protein. Fv, Pab and F(ab')2 fragments lack the Fc fragment 
of intact antibody, clear more rapidly from the 
circulation, and may have less non-specific tissue binding 
than an intact antibody. (Wahl et al., j. NucI, Med. 
24:316-325 (1983).) Thus, these fragments ar^ preferred," as 
well as the products of a Pab or • other immunoglobulin 
expression library. Moreover, antibodies of the present 
invention include chimerical, single chain, and humanized 
antibodies . 

The present invention also relates to a method for the 
W.. diagnosis of a tumor associated with overexpression of ACA 

or a predisposition for such a tumor which con?>rises 
contacting a target sample with a con^jound which is capable 
of (i) specifically binding to the surface glycoprotein ACA 
according to the present inventirai or (ii) an mBNA 
transcribed from the ACA encoding BPa. molecule and (b) 
comparing the level of ACA protein or ACA-mFNA of the 
saa^ile determined by use of the above compound with a 
control sample obtained from a healthy individual, wherein 
an elevated level of the surface glycoprotein ACA or the " 
corresponding mRNA is indicative 'for a" tumor or a 
predisposition for such a tumor. Pra^rably, • said coinpound 
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is an anti-ACA-antibody or an .oligonucleotide which iB 
capable of hybridizing to an inBNA transcribed. Irom a DNA. 
sequence encoding Preferably, the nucleic acid 

sequence of said oligonucleotide hybridizing with ACA. DNR 
has a length of at least 12, preferably of at least 15, or, 
more preferably, of at least 20 bases. The oligonucleotides 
used as probes can be detectably labeled, for example, with 
a radioisotope, a biolviminesfcent compound, a 
chemiluminescent conipound,. a fluorescent compound, a metal 
chelate, or an enzyme.... 

The target cellular coii5»onent, ftCA protein or ACA-mBlOV, in. - 
biological fluids, e.g. blood, or tissues, may be detected 
directly in situ, e.g. by in situ hybridization or it may 
be Isolated from other cell components by common methods 
known to those skilled in the art before con-tacting with a 
probe. Detection methods include Northern t)lot analysis, 
KNase protection, in situ methods, e.g. in situ 
hybridization, in vitro an5>llficatio!n msthdds (PCR, LCR, 
QBUa replicase or BlSA-transcriptiom/an5>lifiication (TAS, 
3SR), reverse dot blot disclosed in EP-BllO. 237 362) ) , 
iBBDunoassays, Western blot and other detection assays, that 
are known to those skilled in the art. 

Products obtained by in vitro aiis>lif ication can be detected 
according to established methods, e.g. by separating the 
products on agarose gels and by subsequent staining with 
ethidium bromide. Alternatively, the anqplified products can 
be. detected by using labeled primers .f or . a;nit»l.lf ication or 
labeled dUTPs. 

I 

Expression of ACA in tissues can be studied with classical 
immunohistological methods (Jalkanen et al., J. Cell. .Biol. 
101 (19B5), 976-985; Jalkanen et al., J. Cell. Biol. 105 
(1987), 3097-3096; Sobol et al. Clin. Immunpathol . 24 
(1982), 139-144,- Sobol et al., Can«per 65 (1985), 2005- 
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2010) . Other antibody based methods useful for detecting 
protein gene eaqpression Include Ixnnuinoassays, such as the . 
enzyme linked ixnmunosQirbent assaly (ELISA) and the 
radioixnmunoassay (RIA) . Suitable antibody assay labels are 
known in the art and include enayme labels, such as^ 
glucose oxidase, and radioisotopes, such as iodine 
"^D, carbon ("c) , sulfur ("S) , tritium {*H) , indium 
(*"ln), and technetium (''mTc) , and fluorescent labels, 
such as fluorescein and rhodamine, and biotin. In addition 
to assaying ACA levels , in a biological sample, the protein, 
can also be detected in vivo by imaging. Antibody labels 
or markers for in vivo imaging of protein include those 

^ detectable by X-radiography, HMR or ESR. Per Xr 

radiography, suitable labels include radioisotopes such as = 
barium or cesium, which emit detectable radiation but are • 
not overtly harmful to the subject. Suitable markers for 
NMR and ESR include those with a detectable characteristic 
spin, such as deuterium, which may be incorporated into the 
antibody by labeling of nutrients for the relevant 
hybridoma. A protein-specific antibody or antibody 
fragment, which has been labeled ;with ^a. appropriate 
detectable imaging moiety, such as a radioisotope (for 
example, **^ln, *'mTc) , a radio-opaque substance, or a 

material detectable by nuclear magnetic resonance, is 
introduced (for example, parent erally, subcutaneously, or 

w ^. intraperitoneally) into the mammal. It will be understood 

in the art that the size of the siabject aiid the imaging 
system used will determine the quantity of imaging moiaty 
needed to produce diagnostic images. In the case of a ' 
radioisotope moiety, for a human subject, the quantity of 
radioactivity injected will normally range from about 5 to 
20 milllcuries of "mTc. The labeled! antibody or antibody 
fragment will then preferentially accumulate at the 
location of cells, which contain the specific protein. In 
. vivo tumor imaging is described in S.W, Burchiel et al., 
"Immunopharmacokinetics of Radiolabjaled Antibodies and 
Their Fragments," (Chapter 13 in Tumor ' imaging: The 
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Radiochemical Detection of Cancer, S.W, Burcaiiel and B. A. 
Rhodes, eds., £Ias.son Fiibll9hing Xnc. 1(1982)) .> 

It can be concluded that by InhiWiting the expression 
and/or activity of ACA an effective therapy of cancers like 
melanoma is provided. . 

Thusj the • present invention also relates to a 
pharmaceutical composition containing* a compound capable of 
reducing or eliminating (a) the esqpression of the micleic 
acid sequence encoding the surface glycoprotbin ACSA and/or 
(b) the biological activity of RCK. Examples of such 
reagents are antisense B»asr ribozymea or inhibitors of the 
biological activity of the protein^ e.g. specific 
antibodies. For example^ acJministration of an antibody 
directed tc the protein can bind and reduce overproduction 
of the protein. 

An antisense BNA sequence according to the present 
invention is ciharacterized in ' that it is complementary to 
an mBMA transcribed from a nucleic -acid molecule of the 
present invention or a part thereof and can selectively 
bind to said mBNA/ said sequence being capable of 
inhibiting the synthesis of the protein encoded by said 
nucleic acid molecules^ and a ribozyme characterized in 
that it is complementary to an mBNA transcribed from a 
nucleic acid molecule of the present invention or a part 
thereof and can selectively bind to and cleave said mBNA, 
thus inhibiting the synthesis of the ACA protiein encoded by 
. said -nucleic- acid, molecules- Ribozymes, which , are . composed 
of a single RNA chain are SNA enzymes^ i-e. catalytic KEflASr 
which can intermolecularly cleave a target BNA, for example 
the' mSNA transcribed from one of the Trp genes. It is now 
possible to construct ribozymes, which are able to cleave 
the target RNA at a specific , site by following the 
strategies described in the literature • (see, e.g.. Tanner 
et al-r in: Antisense Research and Apjplications, CRC Press 
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Inc, (1993), 415-426). The two main requirements for such 
ribozymes are the catalytic ctomain Sand regions which are 
coiaplementary to the target RNA and which allow them to 
bind to its substrate, which is a prerequisite for 
cleavage. Said complementary sequences, i,e,/ the antisense 
BNA or rlbozyme, are useful for repression of ACA- 
expressioUf e.g. in the case of the treatment of a 
molanoiciaa Preferably^ the antisense RMA and ribozyme of the 
•invention are complementary to the coding region of the 
mRKAr e.g. to the 5' part of the coding region. The person 
skilled .in the art provided with the sequences of the 
nucleic acid molecules of the present invention will be in 
a position to produce and utilize the above described 
antisense KEXAs or rlbozymes. The region of the antisense 
BNA and ribozyme, respectively, which shows complementarity 
to the niBNA transcribed from the nucleic acid molecules of 
the present invention preferably has* a length of at least 
10, in particular pf. at least 15 and particularly preferred 
of at least 50 nucleotides. 

. Inhibitors 'for the ACA protein can be, for Instance, 
• structural analogues of the corresporiding prtatein that act 
as antagonists. In addition, such; inhibitors comprise 
molecules identified by the use of the recombinantly 
produced proteins^ e.g. the recombinantly produced protein 
w\ can be used to screen for and identify inhibitors, for 

example, by exploiting the capability of potential 
inhibitors to bind to the protein undepr appropriate 
conditions. The inhibitors can, for example/ be identified 
by preparing a test mixture wherein the inhibitor candidate 
is incubated with the ACA protein und^ appropriate 
conditions that allow ACA to be in a native! conformation^ 
Such an in vitro test system can be established according 
to methods well known in the art- Inhibitors can be 
identified^ for example, by first pcreening for either 
synthetic or naturally occurring molecules thjat bind to the 
recombinantly produced ACA protein ahd then, in a second 
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stepr by testing those selected molecules in .cellular 
assays for inhibition of the AC31 protein^ ass reflected by 
Inhibition of at least one of the Ibiologicjal activities • 
Such screening for molecules that bind the ACA protein 
could easily performed on a large scaler Q-S- by screening 
candidate molecules from' libraries of synthetic and/or 
natural molecules- Such an inhibitor is, e.g., a synthetic 
organic chemical/ a nattiral fermentation product ^ a 
substance eKtracted from a m±croorganismf plant or animal r 
or a peptide. A particular function of these inhibitors is 
to block a cell-to cell transfer of ACAw Additional 
exeotoples of inhibitors are specific antibodiesr preferably 
monoclonal antibodies. Moreover, the nucleic sequences of 
the invention and the encoded proteins can be used to 
identify further factors involved in tumor development and 
progression- Moreover, the proteins of the invention canr 
Q.g,^ be used to identify further • (unrelated) proteins 
which are associated with, e.g., a melanoma using screening 
methods based on protein/protein irlter actions ^ e.g. the 
two-hybrid-system. . . 

For administration the above compounds ^re preferably 
combined with suitable pharmaceutical , carriers . Exajnplea of 
suitable pharmaceutical carriers are well known in the art 
and include phosphate buffered saline solutions/ water / 
emulsions r such as oil/water emulsions, various types of 
wetting agents, sterile solutions etc. Such carriers can be 
formulated* by conventional methods and can bie administered 
to the sTibject at a suitable dose. Administration of the 
suitable con^iositions may be effected by .diff erent ways,, 
e.g. by • intravenous ^ intraperetoneal^ s\abcutaneous r 
intramuscular, topical or intradermal administration. The 
route of administration^ of course, depends on the nature 
of the tumor and the kind of compound contained in the 
pharmaceutical composition. The dos&ge regimen will be 
determined by the attending physicidn and other clinical 
factors. As is well known in the medical artb, dosages for 
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any. one patient depends on many factors, including the 
patient's size, body surface area, age, sex, the particular 
coiqiound to be administered,, tlae aiid route of 
administration,' the kind and stage of the tumor, general 
health and other drugs being administered concurrently. 

The delivery of the antisense RNAs or ribozyities of the 
invention can be achieved by ditect apiplication or, 
preferably, by using a recombinant eacpression vector such 
as a chimeric virus containing these compounds or a 
colloidal dispersion system. By delivering these nucleic 
acids to the desired target, the intracellular expression 
of 3iCA and, thus, the level of ACA can be decreased 
■ resulting in the inhibition of the negative effects of ACA, 
e.g. as regards the metastasis formation of a melanoma. 

Direct application to the target site can be performed, 
e.g., by ballistic delivery, as a colloidal dispersion 
system or by catheter to a site in .artery. The colloidal 
dispersion systeas which can be used for delivery of the 
above nucleic acids include macsomolecule conqolexes, 
nanocapsulea, microspheres, beads and' lipidrbased systems 
Including oil-in-water emulsions, (mixe!d) micelles, 
liposomes and lipoplexes. The preferred collctidal system is 
a liposome. The composition of the liposome is usually a 
combination of phospholipids and • steroids, especially 
cholesterol. The skilled person is in a position to select 
such liposomes which are suitable for the delivery of the 
desired nucleic acid molecule. Organ-specific or cell- 
specific liposomes can be used in order to adhieve delivery 
only to the desired tumor. The targeting of liposomes can 
be carried out by the person skilled in the att by applying 
commonly known methods. This targeting includes passive 
targeting (utilizing the natural tendency of the liposomes 
to distribute to cells of the BBS in organs • which contain 
sinusoidal capillaries) or active targeting (for example by 
coupling the liposome to a specific ligdnd, e.g., an 
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• antibody/ a receptor ^ sugar, glycollpid, protein etc.f by 
well taiown methods) . In tHe presentl invenliion monoclonal 
antibodies are preferably used to* target liposomes to 
specific tuniors via specific cell-surface ligands. 

Preferred recombinant vectors useful for gene therapy are 
viral vectorSf e.g* adenoviruSf Ixerpeb virus, vaccinia/ or, 
mora preferably, an FHA virus such as a retrovirus. Even 
more preferably, the retroviral vector is a derivative of a 
murine or avian retrovirus. Examples of such* .retroviral 
vectors which can be used in the present .invention are: 
Moloney murine leukemia virus (MoMuLV) / Harvey mvirine 
sarcoma virus (KaMuSV) , murine mammary tumor virus (MuMTV) 
and ROUS sarcoma virus (RSV) . Most preferably, a non-human 
primate retroviral vector is enrployed^ such as the gibbon 
ape leukemia virus (GaI»V) , providingi a broader host range 
compared to murine vectors^ Since recombinant retroviruses 
are defective, assistance is require^ in order to produce 
infectious particles. Such, assistance can be provided, 
e.g., by using helper cell lines that contain plasmids 
encoding all of the structural genes of the retrovirus 
- under the control of regulatory sequiences within the LTRp 
Suitable helper cell lines are well known to those skilled 
in the art. Said vectors can additionally contain a gene 
encoding a selectable marker so that the transduced cells 
can be identified. Moreover, the retroviral vectors can be 
modified in such a way that they become target specific. 
This can be achieved, e.g., by inserting a "polynucleotide 
encoding a sugar, a glycolipid, or a protein, preferably an 
antibody. Those skilled in the art know add£l:ional methods 
for generating target specific vectors. Further suitable 
vectors and methods for in vitro-- or in vivo-gene therapy 
are described in the literature and are known to the 
persons skilled in the art; see, e.g., WO 94/29469 or WO 
97/00957. 

In order to achieve expression only ; in the ' target organ. 
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i.e. tumor to be treated, the nucleic acids encoding, e.g. 
an sntisense KNA or riboayme can also! be operably linked to 
a tissue specific promoter and xxeed for gene? therapy, such 
promoters are well knovm to those skilled in the art (see 
e.g. ZiiDinerniann et al, (1994) Neuroil 12, 11-24; Vidal et 
al., (1990) EMBO J._9, 833-840; Mayford et al., (1995), 
Cell 81, 891-904; Pinkert et al., (1987) Gpnes & Dev. I, 
268-76) . 



For use in the diagnostic research discussed above, kits 
are also provided by the present invention. ' Such kits are 
useful for the detection of a target cellular con^jonent, 
^^ which is ACA or, alternatively, ACA encoding mRKA. Said 

kits coaprise a probe for detection of ACA or, 
alternatively, ACA encoding aiBNA. The probe can be 
detectably labeled. Such probe may be a spefcific antibody 
or specific oligonucleotide. Preferably, the nucleic acid 
sequence of said oligonucleotide hybridizing with ACA DKA 
has a length of. at least 12, preferably of at least IS, or, 
mora preferably, of at least 20 bases, ik a preferred 
erobodiment, said kit contains an anti-ACA-antibody and 
allows said diagnosis, e.g., by ELISA . and contains the 
antibody bound to a solid support, for example, a 
polystyrene microtiter dish or nitrocellulose paper, using 
techniques known in the art. Alternatively, said kits are 
based on a RIA and contain said antibody marked with a 
radioactive isotope. In -a preferred embodiment of the kit 
of the invention the antibody is labeled with enzymes, 
fluorescent con^JOTinds, luminescent compounds, ferromagnetic 
probes or radioactive compounds. 



The following Easangjles illustrate the invention. 



Exanple 1: General meibhods 
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(AJ PuriflcaliLon and Isolation o£ prolbeln 

Human blood withdrawn from healthy donor was ^ centrif uged at 
1500 g, at 4"'C for- 10 min* Plasma, and buffy coat were 
removed by aspiration and packed cells were washed twice in 
ISOniM / IBaSA sodium phosphate (pH 7,6) and lysed. in CH3 
COOH / distilled water. Msiribranes were pellejted at 10, 000 
X g for 15 min* and washed with extraction buffer, SOiriM 
Trie-HCl pH 7.5, 2iiM . DTT, lniM PMSF, ImM EDTA, 0r25M 
Sucrose. This step was repeated until the ghosts showed no 
visual evidence of residual hemoglobin.. (Three washes were 
usually required) After . the last wash, the ghosts were 
resuspended in the same buffer. The pellet was frozen in 
fluid nitrogen for 15 min and thaws at 25*'C, This procedure 
is repeated for three times. The homogenate was then 
adjusted to 400 mM with respect to KCl and centrifuged at 
25.000 g for 60 min. The supernatant was collected and 
adjusted to 70% saturation with (NH4|)2S04 (Sigma, Mtinchenr 
Germany) and stirred for 30 min. The precipitated proteins 
were collected by centrifugation, redissblved in - the 
extraction buffer and precipitated again with 40% 
saturation . ^with '{im^)zSO^ ( Eig. 2A) • The precipitated 
proteins are stirred again for 30 min on icle, redissolved 
in extraction buffer and dialyzed against sitorage buffer, 
(40nM Tris-HCl pH 7-5, 2mM DTT, ImM EDTA, 0.25 M sucrose), 
and stored at. -20''C. The pure aittphiphilic form of protein 
was obtained by further . preparative steps including SDS gel 
electrophoresis. The gel bands of the protein were excised, 
crushed in 25iKM -Tris-base, 192 aM glycine and 0^035% SDS 
(pH 8,3) and the supernatant was collected a^fter overnight 
incui)3atipn at. 4"'C, ^Purified, protein was .dialyzed:. against 
the storage buffer (NH4)2C0a, precipitated with ice cold 
acetone in ethanol/dry ice bath and stored at 4''C. The 
protein concentrations were measured by the methods of 
Bradford (ftnal. Biochem, 72 (1976), 284-254). 

(B) Eleetrqphoretxc nuethods 

' I 
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SDS-PJWSE was performed on linear crradient' gel of 4-15% 
polyacrylamide in the diecontinuoup buffer of Laemmli 
(Laemmli, Nature 227 (1970), 680-6^5). the saa^jles were 
. boiled for 2 min. in .the reducing sample buffer before 
electrophoresis. Protein bands were identified by silver 
staining, or negative staining by CuClz- Molecular weights 
were estimated by comparison with the positi6n of molecular 
weight standards purchased from .Bio-Rad Laboratories 
(Mflnchen, Germany). Gels were fixed with methanol/acetic 
acid or ethanol/acetic acid and visualized with Coomassie 
blue or by standards silver staining. 

(C) Zsoelectriaal foousslng- 

A total of 1 to 5 ng of protein per band was subjected to 
PhastGel lEP gradient media supplied by Pharmacia 
(Freiburg, Germany) . The samples were applied approximately 
10 mm from cathode. Additional controls were done applying 
samples neKt to anode and cathode. The bands were 
visualized using the silver staininig method according to 
manufacturer's instruction. For standards, the Pharmacia 
Broad pi Calibration KIT on PhastGel lEP 3-9 was used. 

<D) Chemical deglyeosylatxon 

Chemical daglycosylation was performed in order to prepare 
RCR. protein for primary structural analysis. .Protein sample 
> free of salts, metal ions and- detergents was treated with 

anhydrous trifluoromethanesulfonic acid (TMSF) (Oxford ' 
GlycoSdence, UK) for 4.5 h in a freezer, neutralised and 
recovered in 0,5% ammonium bicarbonate. The neutralized 
reaction mixture was then dialysed against the same buffer 
and precipitated deglycosylated protein isolated directly 
by centrifugation. 

(fi) Protein sequence analysis 

Chemically deglycosylated protein was treated with trypsin 
.or Asp-N at 37" C for 19 h. Peptides . were separated by Ci8 



e/OS 2002 18:11 FAX +49 89. 437^^ HOBER & SCHDESSLER PAT t |^ 



HOBER & SCHDESSLER PAT t 
- 32 -■ 



reverse-phase HPIiC. N-teaatniaal sequences were determined by 
automated Edman degradation using gas-phase sequencer. 

• (F) Cell-free ^ctrects 
Preparation of ghosts was done according to protocol 
approved by the Iiistitutional Review Board off the New York 
Blood center. Brief lyr about 2,3x10^/ ml packed red cells 
and- erythroleukemia cells (K-562) were washed once with PBS 
buffer at 5000 rpm for 5 min. 2Vfter the supernatant was 
decanted, the cells were lysed with 1:20,5 dilution of PBS 
in distilled water, centrifuge at IS. 000 rpa for 10 min. 
Supernatant was decanted and the discrete pellet of the 
white cells adhering to the centrifuge tube was removed too 
(Dodge et al.. Arch. Biochem- Biophys. 100 (1963), 119- 
130) . Rasuspended ghosts were washed with 10 niM Tris.HCl 
(pH 7.8) until they become ^ite and fluffy^ Equal voliame 
of simple buffer was added and boiled for 2 min. before 
subjected to SDS-PAGE using 4,5 stacking gel and 4-15% . 
separating gel. 

Alternatively, blood cells (2x10*) in PBS were washed twice 
. with the same volume of PBS at 5000 rpm for 5 min. The 
pellet was dissolved in PBS/water (1:20.5),. incubated on 
ice for 10 min,, and centrifuged to. remove insoluble 
material. The supernatant was collected and stored. The 
remaining pellet was extracted with lOmM Tris-HCl (pH 7.8) 
and centrifuged at ISOOOg for 15 min. The supernatant was 
then analyzed in SDS-PAi5E and immuno-blotting. The proteins 
released from the manibrane of granulocybes after the 
treatment, of cells with PI-PLC, were precipiliated by. adding 
5 volume of ice cold acetone and incubation, in a dry ice 
ethanol bath for 30 min. The precipitated protein was 
centrifuged at 13500g for 10 min., acetbne carefully 
removed from the pellet, and the pellet was a'ir dried until 
the residual acetone evaporated. The recovered protein was 
analyzed in 5DS-PAGE and immunoblotting. 



)6/Q8 2002 FAX +49 89 43j^pp9 , HUBER & SCHQESSLER PAT -s^^ li|039 

I 

- 33 ^ 



To prepare membrane protein fractions from* nonoal skin and 
melanoma tumor tissue simples, 20 frozen seictions a 20 mp 
were incubated on ice, in buffer A (So mM Tris.HClf pH 7^5^ 
25 .mm KCl,. 3 noj MgCla 0^25 M Saccharose^ 1 nOl EMSF,. 2 jxM 
Dithiotheitol, 1 iriM EDTA) for 30 min, and homogenized in 
Ultra Turrax T8 machine. The extractst were centrifuged 1300 
rpm 10 mln at 4^C to remove insoluble material, and the 
supematants were collected and stored* 'The remaining 
pellet was extracted once more with 'buffer A, centrifuged 
and added to the previous supematants. The protein in 
supematants was precipitated with BX volume of ice-cold 
methanol and • sanples centrifuged at 13,500 rpm. The 
precipitated proteins were dissolved in buffer B (40nM 
Tris.HClr pH T,5r 2 isM DTT,r 1 inM EDTA and 0^25 Saccharose) 
and the protein concentration determined according to 
method of Bradford. 

(G) Xknmunoiblotting 

Metnbrane proteins (10-30 pg)* prepared from t!he erythrocyte 
ghosts and homogenized, tissue of erythroleukemia' (K-652) 
cells, were mixed with reducing sample buffei? and subjected 
to sodium dodecyl-sulfate/polyacrylamide- . gel 

electrophoresis (SDS-PAGB) and tihan transferred to 
nitrocellulose membrane. The filters were blocked with 3% 
BSA in PBS and used for testing antibody reactivity. 
Polyclonal moxise serum against 65 kD GFI-protein^ was used 
at dilution 1: 5000. Visualization was performed using 
anti-IgG secondary antibody^ conjugated with alkaline 
phosphatase CAP) and BCIP/NTB as a chromogenic substrate 
for AP (Promega^ USA). 

Alternatively, cell-free extracts and supernaitant after PI- 
PLC digestion were subjected to SDS-PAGE under reducing 
conditions on a 4-15% gradient gel and then blotted onto 
nitrocellulose. Nitrocellulose membranes were blocked with 
TBS- containing O.IS. Tween^ZO and 3%j BSA, flollowed by Ih 
incubation with primary antibody. Thei antibodies were used 
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at th© following concentrations: monoclonal mouse 
antibodies' (ACl^ Ji^lZ) . at the diluti;on 1:10.00, polyclonal 
rabbit antibody (ALl) at the dilution 1:500/ The secondary 
antibodies, alkaline phosphatase-conjugated goat anti-mouse 
and goat anti-rabbit IgG (Promegar * Heidelberg^ Germany) 
were used at a dilution of 1:10. aOO. 5-Bromo-4-chloro- 
indolyl phosphate tetrazolium (BCIP/i^TB) liquid siibstrate 
system (Boehringer Mannheim QmbH/ Germany) • was used as a 
chromogenic substrate for alkaline phosphatase. 

(B> Digestions with phospholipasee 

Digestion with glycosyl phosphatidylinositol-phospholipase 
C (GPI-PLC) from rxypanosoma Jbrucei (Oxford GlycoScience, 
VK) f was performed for Ih at 30^c. Samples of proteins were 
• further buffered by addition of TBS (Tris-buf f ered saline^. 
20 KM Tris-HCl, 0,15 M NaClr containing 0,1^ of Triton X- 
114, 10 loM TLCK and 5 mM EDTA) and incubated with 5 ill (25 
U/ml) enzyme. Incubations with S mlJ of phosphatidyl 
inositol specific phospholipase (PI-PLC) (Bacillus 

cereusr Boehringer Mannheim, Germany) were, performed in 
triethanol amine buffer (50 mM triethaoiolamine, IQ nM EDTA, 
and 10 nM sodium azide, pH 7,5) for ilh at 37''C. Digestion. 
. with anchor specific phospholipase D (from bovine serum EC 
3,1.4.50 Boehringer Mannheim) was performed in 20 nM Tris- 
HCl pH 7.4, 0.1 idM CaCla Triton X-100 0.008% (w/voi.), for 
-w'^ 60 min. at 37*'C. After the reactions were finished, lO.iil 

of reducing sanple buffer was added. Tubes containing the 
reaction mixtures were- placed in a boiling waiter bath for 5 
minutes r and aliquots of the samples were subsequently 
Biabjected to analysis by SDS-PAGE ^ and silver . staining 
(PhastGel SystCTL from Pharmacia ' Biotech, Freiburg, 
Germany) - 

Alternatively, digestion assays were perfomed using 10* 
purified granulocytes in 25 \il PBS with, eecjaentially 
diluted (1-5 U/mL) glycosyl phosphatjidylinositol specific 
phospholipase C (GPI-PLC) (5aciiJus thvuringiensia, Oxford 
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GlycoScience, UK), in Tris-HCl buffer (pH 7,4) at 3T'C for 
Ihr. solubilization with PI-PLC (Bacillus cex-eus, 
Boehringer MannliQlm) was performed wLtli 0,S U enzyme in 200 
Til Tris.HCl buffer, 10 nM EDTA (pH 7,8) at ST'c for Ihr. 
For the solubilization of aca, on B lymphocytes, Triton X- 
100 was added to the latter, at the concentration of 0,03%. 
Control experiments were done simultaneously on HEL ACA- 
positive cells, after digestion with Saclllua cereus PI-PLC 
under the same reaction conditions, as those described for 
blood cells. Digestion with phosphatidylinositol 
phospholipase D (PI-PLD) (5mU) was performed with purified 
granulocytes in 20 nmol/l Tris.HCl buffer {pH 7.4), 0,1 
^ mmol/1 CaCl2, 0,008 % Triton X-100, for 60 min at 37»C in 

25 ]il reaction volume. 



(1) Anti-CBD Ccxx>as reacting determinant} Abbhy 
The GPI-PLC, PI-PLC and GPI-PLD cleaved proteins were 
subjected to SDS-PASE and transferred onto nitrocellulose. 
After blocking, the antigens were visualized with affinity 
purified anti-CRD antibody (Oxford, GlycoScience) . After 
washing, bound anti-CRD was detected by incubation with 
biotinylated donkey anti-rabbit IgG, and visualized with 
etreptavidin horse radish peroxidase. As positive and 
negative controls, soluble form of variant surface 
glycoprotein (sVSG) and 'membrane form of ACA were blotted 
simultaneously and revealed with anti-CRD antibody. 

(J) ZdsntiflcaticNa of prodnots of phospholipases action 
Purified ACA protein was digested with PI- and GPI- 
phospholipases C, and siabj ected to f lirther . hydrolysis with 
triacylglycerol acyl hydrolase (300 U) ( BhlisopuB arrhizus 
EC 3.1.1.3., Boebringer Maimheim, Germany), followed by 
carboxylic ester hydrolase (30 uj (from pig liver EC 
3.1.1.1., Boehringer Mannheim). in- reatetion buffer 
containing, 0.1 mg of sodium dodecyl sulf ate/ml, for 25 min 
at 25°C. Glycerol was determined as dlescribed by purchaser 
(Boehringer Mannheim) with glyceroriinase, (GK) pyrivate 
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kinase, (PK) and lactate dehydrogenase (LDH) as auxiliary 
and indicatory enzymes (Boeliringer Mannheim) , Lipase, 
esterase, PK, LDH, GK were free from hexoScinase, as well as 
other interfering Icinases and phosphatases, ATP (Boehrlnger 
Mannheim) was substantially free from ADP, and phosphoenol 
pyrivate PEP (Boehrlnger Mannheim), from pyrivate. The 
decrease in the extinction ^ at 340 nm, 334 and 365 nm due to 
oxidation of nicotinamid adenin dinucleotide (NADH) was 
loeasured (Figure 1) . 

« 

.(K) Badiolabelilng 

Purified proteins were labeled with 3- (trifluoromethyl)-3- 
^ (m-["'jJiodophenyl)diazirine ([^"J]TID) (flmersbam) by 
photolysis at 350 nm for 15 mln, as described by Roberts 
and Hosenberry (Biochemistry 25 (1986), 3091-309B) . A 10 ill 
aliquot of [*^J] TID in ethanol (5-200 laCi) was added to 
500 ul of buffered red blood cells ACA protein in 1 ot* 
rubber-stoppered borosilikate glass test tube, and agitated 
gently to ensure complete mixing. Photolysis' was performed 
for 20 minutes in Beckman spectrophotometer, with the slits 
removed. 

(L) ?Pbin-lay©r chromatograpliy (TLC) 

Samples of GPI-PLC and PI-PLC cleaved £"*J].TID labeled 
proteins, were siabjected to further hydrolysis with triacyl 
glycero^protein acylhydrolase, followed by carboxylic-ester 
hydrolase, and the lipid products of this reaction were 
extracted with chloroform/methanol/ HCl .( 22:50:1), 
cantrifuged . for 15 ndu at 300 g. The. low^^r.. phase .. was 
reOBoved and evaporated . to dryness under -.nitrogen. The 
residues were resolved in 0.1 ml of chlor'oform/methanol 
(2:1) and these solutions were quantitatively applied to 
TLC plates. Thin-layer chromatography was performed on 
10x20 cm Silica Gel plates (Merck, Danastadt, Germany) 
without activation. Development was either with solvent B 
[hexane/diethylether/acetic acid ( 60 i 30: 1)1 or solvent A 
[hexane/2-propanol, (96:4)]-. The positions of radioactive 
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components were identified by autoradiography with Kodak 
xaR-5 film.. The positions of standards weire located by 
exposure of dried plates .to iodine vapor. 

fM) Generation of iuitibodieis to ACA 

The novel erythrocyte menibrane protein MA was isolated 
from normal human erythrocytes as described above. Rabbit 
polyclonal antibody {KLl) was generated by ijiBiBunlzation of 
animals with 100 ]xg purified protein in coni)lete Freund's 
adjuvant for the initial inoculation .and SOixg antigen mix 
with incomplete Freund's adjuvant for additional tliree 
boosters. The antibody titer was determined by ELISA and 
^ immunoblotting with purified protein and cell-free 

extracts. Two mouse itionoclonal antibodies (ACl and AB12) 
were generated according to a standard protocol (Fazekas et 
al., J. Immunol. Methods 35 (1981), 1-21). Briefly, BALB/C 
mice were immunized 3 times with AcA in Freund's adjuvant. 
The spleen cells were collected, hybridoma generated and 
cloned. Antibody binding was verified by ELISA . and 
immunoblot. ■ . 

(H) Separation of cells 

Heparinized human peripheral blood of 20 healthy donors was 
used as starting material. Granulocyt'es were isolated from 
blood by centrifugation on Ficoll-Hypaqua (Pharmacia, 
FrailMirg, Germany) density gradient. Peripheral blood 
mononuclear cells (PBMC) were removed, and granulocytes 
sedlmented at. . 2Q00g .after * incutiation with 
dextran/phosphate-buffered saline (PBS) solution 
(Pbazmacia) , 30 minutes, at room tei^perature . The 
contaminating erythrocytes were removed by hypotonic lysis. 
T and B lymphocytes were separated according to a 
previously described method (Nicholson-Weller et al,. Blood 
65 (1985), 1237-1244). Briefly, PBMC isolated through 
Ficoll-Hypaque density gradient centrifugation, were 
resuspended in REMI 1640 medium j (GIBCO, Eggenstain, 
Germany) , supplemented with 10% bovine serum' albumin (BSA) 
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(GIBCO) and incubated with neuraminidase treated sheep 
erythrocytes . . B and : T lymphocytes were separated after 
. Ficoll gradient centrifugation of resetted lymphocytes. 
Cells were washed twice with PBS and kept at 4^*0 until use. 
Purity of each cell population was >95%. Viability was >95% 
. ' as determined by vital- staining with trypan-blue, 

(O) Generation of human-cell lines for antibody 
obar acteri sation 

For the generation of EBV-trans formed PNH (<3Pl-def icient) B 
lymphocyte lines, .Ficoll-Hypaque-separated PBMC . were 
incubated with antibody to CD48(a GPI--anchored leucocyte 
^ marker) (liomianotechr Hamburgir Germany) f followed by 

conplemant lysis with human M serum (Taylor et al-, 
Biochem. J. ' 322 (1997) , 919-925; Tomita, Biochimica et 
Biophysica Acta 1455 (1999), 269-286). PNH cells, deficient 
in CD48 and other GPI-linked surface antigens remain after 
complement lysis with human AB serum '(Taylor et al*, 1997) . 
GPl-positive B lymphocytes isolated from normal donors and 
GPI-negative B lynqphocytes of PNH patients were incxabated 
for 3 hours at 37" C with EBV suspension and analyzed by 
flow, cytometry • CD48" and CD48t B-cells . were cultured in 
Dulbecco's modified Eagle medium (DMEM) (GIBCO) supplemented 
with 20% heat inactivated fetal bovine setrum (FBS) and 
23nmol/Ij glutamine. For generation of T-cell lines# 
homogeneous populatioixs of CD48' and CD48* lymphocytes were 
obtained by limiting dilution .according to standard 
procedure (Fleisher, J. ImmunQl, -Methods 10£ (1988) , 215; 
Hertenstein et al.. Blood 86 (1995), 1487-1492)- In brief , 
PBMC from,, PMH patients iwere isolated .and ;T lymphocytes 
separated as described above. Affected GPI" T lymphocytes 
were enriched as previously described for B lymphocytes. 
.The ceils were grown in histoplates (Nulnc^ Roskilde, 
Denmark) on irradiated allogenic PKHIC as feeding layer and 
supernatant of phytohemagglutinin-stimulated PBMC. T 
lymphocytes were seeded at 0,1/ 0,3 and 1^0 cell/well. 
Growing clones were transferred tp larger wells and 
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restimulated weekly with irracHated PHMC as already 
described:*^ T-cell clones were cultured in remi 1640 medium 
(GIBCO) supplemented with 7,5% human AB sertoi and 20 u/mL 
recombinant human interleukin-2, and .analyzed by two color 
flow cytometry. T^cell lines like MOLT 4, CEM, • Jurkat J6 
were cultured in REMI 1640 supplemented with 10% FBS and 
2inM/L glutamine. Human erythrolQukemJja (HEL) cell-line was 
grown in REMI 1€40 culture medium supplemeiited with 2 itiM 
glut amine and 10%- EBS. 

(P) Flow CYtomatriQ analysis 
(i) Blood samplee 

^ Flow cytometry for whole blood was performed by using a 

two-step method as described elsewhere (Schrezenmeier et 
al., Exp. Hematol. 23 (1995), 81-87). Briefly, to 100 ill .of 
EDTA-blood were added 50 pi pbs with 0,1% BSA and 5% horse 
serum end incubated 30 min at 37''C. The mijfture was then 
incubated for 20 minutes at room temperature with 2 ^1 of 
mouse monoclonal JRCl or AB12 antibody, or with irrelevant 
isotype control, followed by fluorescein isothiocyanate 
(FITC) -labeled goat anti-mouse IgG (Dako, Hamburg, 
Germany) . After washing and incubation witfi iml IMHDNO- 
LYSIS working solution (Coiolter Clone, Hialeah, FL) for 2 
min, the cells were fixed with 1% . parafo:^aldehyde and 
analyzed using a EACScan flow cytometer (Becton Dickinson, 
^ Heidelberg, Germany) . Data were analyzed using LYSis ii 

software (Becton Dickinson) . Fluorescence intensity was 
presented on a log scale. Granulocytes, .monocytes and 
lymphocytes were identified by characteristic forward and 
right angle light scattering, gated, and a,t least 10000 
events were analyzed for each sample. For analysis of red 
cells 2 ]il venous blood sample was added to 200 ]il 
PBS/BSA/horse .serum reagent and incubated for 30 minutes at 
37°C, followed by 20 min incubation with ACl, AB12 or 
irrelevant monoclonal antibody of the same subclass, as 
control. After washing, the pellet was resuspended in zoo 
\il PBS/BSA containing the secondary intibody and after 20 
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ittin incubation at room tenperature cells vrere washed three 
tim^Sr and the pellet resuspended in 2 ml PBS with 0^1% BSA 
and paraformaldehyde added to a final concentration of 2S- 
Erythrocytes were analyzed without gating by measuring 
IDOOO cells. For analysis of reticulocytes 1ml PBS with 
0,1% BSA and 2vil EDTA-blood were inciibated with 1ml of 
thiazol orange solution (Retic- count) ( Becton Dickinson) 
for 20 min at room temperature • Staining of reticulocytes 
by the RNA dye thiaaol orange allowed for a separate 
analysis of erythrocytes and reticulocytes. Two-color 
analysis was performed as described above except for the 
various FITC- or phycoerythrin (PE) -labeled commercially 
available monoclonal antibodies to specific cell- markers 
(anti-TCR and CD2; Coulter Immunotechr Hamburg, 
• Germany) , (CDl 9, CD20, CD38; Becton Dickinson) , (CDS; Dako, 
Haitibxirgr Germany) r which were used at manufacturer's 
reconnnended dilutions as a third step. Coloir compensation 
for crossover of fluorescence sigdals between, the two 
detectors was adjusted for optimal analysis* In both one-- 
color and two-color analysis, the ikegative fraction was 
defined as cells having approximately the same low 
intensity as the negative control • populationr and . the 
positive fraction was defined as the cell population with 
intensity similar to that of the positive control 
population. • 

(il) Isolated blood cells and cell lines 

Innnunopliajio typing of isolated granulocytes, B and T 
lymphocytes was performed as described above. Briefly/ XOO 
111 of cell . suspensions in PBS were incubated with 2 . lol of 
primary, antibodies ACl and AB12 or appropriate dilution of 
irrelevant monoclonal antibody, in dark at roiom temperature 
for 20 minutes, washed and incubated with goat-anti-mouse 
PE or FITC IgG.. Two-color analysis was performed by using 
directly FITC or PE labeled monoclonal antibodies to 
specific cell-markers like CD19, CP20, CDS, CD4, CDS, 
(Becton Dickinson) at recommended dilution asi a third step. 
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Color .compensation for crossover of fluorescence signals 
between the two detectors was adjusted for optimal • 
analysis. iBBttunofluorescence analysis of cell lines was 
performed after the cells were washed three times with PBS, 
and resuspended at lOVml in EACS buffer (1% bsa and 0,2« 
natriumazide in PBS) . All staining steps were conducted on 
ice. Various calls were incubated with primary antibodies 
acir AB12 (30 ng/ml), or CD55 (Serotec, Wiesbaden, Germany) 
for 30 min followed by incubation with FITC-conjugated 
secondary antibodies. Cells were washed three times in EACS 
buffer and fixed with 1% formaldehyde. Susceptibility to 
cleavage by PI-PLC was assessed by incubation of cells as 
described below. Cells were washed, stained as described 
and analyzed by flow- cytometry, 

(Q) Tumor tissues and cell lines 

Representative tissue san^Jles were freshly received from 
normal skin and cutaneous melanocytic lesions excised from 
patients at the university of Heidelberg. They were snap 
frozen in liqpiid nitrogen and stored at -BCc until 
sectioning. Five txn cryostat sections were out from normal 
skin and con^jrising different stages of melanocytic tumor 
progression and different skin tumors air dried overnight 
at room temperature, and fixed 20 minutes in a Coplin jar 
containing reagent-grade cold {-20°C) acetone. The slides 
were than dried 10 minutes at room ten^arature incTjbated 
for 30 min. with PBS, 5% BSA in the staining chamber, to 
eliminate the unspecific binding, and than incubated with 
primary antibodies to ACA at dilutions of l:2J00O to 1:4000, 
After washing the sections were incubated serially with 
link antibody (biotinylated rabbit anti-mouse 
immunoglobulin), streptavidin-biotin complex, an^ilification 
reagent and streptavidin-peroxidase. Bound monoclonal 
antibodies were detected with AEC, which give' rise to a red 
chromogen. The sections were counterstained with Harris's 
hematoxylin and finally mounted in aqueous moaauting medium. 
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Normal human epidermal melanocytes and keratinocytes were 
• purchased from Promo-Cell (Germaniy) andj cultured as 
monolayer in serum and phorbol-myrietat-aceljate (Etm) free 
melanocytes (keratinocytes) growth medivim. For the 
imnunohistological staining, cells were grown in special 
chambers as monolayer. Fixation and staining follow the 
procedure described above. Human drythroleukemia (HEL) , 
human histiocytic lymphoma (U 937) « huroan promyelocytic 
leukemia (HL-60) and human chronic myelog^ous leukemia 
(K562)- cell-lines were grown in REMI 1640 culture medium 
supplemented with ZmM glutamine and 10% ETBS. One-color flow 
cytometry of cell-lines was carried out according to the 
procedure described above. 

EaGBnpla 2: Purifioaticm of ACA and amino acid sequencing of 

purified ACA. 

■ 

A two-step purification procedure was applied for the 
preparation of the protein. The fiasst step includes the 
disruption of the hemoglobin free menibrane followed by 
r«speated precipitation with ammonium sulfate of various 
saturation grades and preparative el-ectrophoresis (Figure 
2 A) - The purity of preparations was evaluated by SDS-PAGE 
(Figure 2, A and B) and isoelectrical focussing (lEF) , 
(Figure 3, A and B) . Preparations were obtained from various 
batches of pooled human erythrocytes. No degratfetion 
products were identified in any preparation. 

t 

. Purif ied..and chemically deglycosylated ACA.. waa subjected to 
N-terminal amino acid sequencing. No sequence was obtained, 
indicating a blocked N-terminus. Theirefore, the protein 
was inactivated and trypsinized, and sequence was 
established for 11 internal peptides (Figure 4). Only 
peptide A shows homology with # 1230 # ll248 region of 
spectrin. 

• « 
I 

I ; 
I 
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Eaeanple 3: Digestion vxth phospholiipases 

The attention was Jeurther focusea on tHe biochemical 
characterization of this protein, particularly of its lipid 
portion, and it was compared with some otlier GFI-linked 
molecules expressed on the surface of human erythrocytes. 
Many proteins of eukaryotic cells are anchored to membrane 
by covalent linkage to glycosyl phosphatidylinositol (GEI) . 
Those proteins lack a transmembrane domain, have no 
cytoplasmic tail and are therefore located exclusively on 
the extracellular side of the plasma nambrane. Glycosylated 
phospholnositol anchored molecules are a structurally 
diverse family of biomolecules that includes: protozoan 
coat components, activation antigens, conqplement regulatory 
proteins, adhesion molecules, membrdne-associated enzymes 
and many others glycoproteins. This type of cell membrane 
attachment implies that the protein moieties of this 
antigens are located outside the membrane, have potentially 
high lateral nobility and may be released from the cell by 
the action of glycosylphosphatidylinositol "CGPl) specific 
phospbolipase C. GPI anchors may 'be considered as a 
reasonably well defined class of the structures because 
in^portant elements are conserved over a wide range of 
phylogeny, from protozoan parasites to mammals. This anchor 
contains a linear core glycan sequence of etlianolamine-P04- 
6 Manal-2Manal-6Manal-4GlcNH2-al-6inyo-inositol-l-P04-lipid. . 
The heterogeneity among different GPI anchored proteins 
occurs mainly in the lipid composition. The VSGs anchors 
contain only dlmyristoyl phosphatidylinositol whereas GPis 
of Leishmania promastigote surface proteinase and many 
mainmalian GPl-anchored proteins, including those on 
erythrocyte, like acethylcbollnesterase (AchE) , decay- 
accelerating factor (DZ^) r and membrane inhibitor of 
reactive lysis (MIKL) contain almost exclusively l-alkyl-2- 
acylinositol phospholipid, which; appear to be 
characteristic of .human anchors in genleral (Ratnof f et al . , 
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Clin. Exp, Iingiunol. 97 (1992) 415-421). In addition^ soiae ' 
GPI anchors contain an additional fatty acid (palmitate) in 
a liydroxyester linkage to the inositol ring^ whicJi riders 
them resistant to the action of bacterial 
phosphatidylinositol specific phospholipase C (PI-PLC) and 
the GPI-specific phospholipase C (GP3;-PLC) froia rx-ypanosoma 
brucQi. The basis of this phospholipase xesistance was 
first described for liuiaan erythrocyte acetylcholinesterase^ 
and subsequently for human erythrocyte decay accelerating 
.faptor. The presence of a, substitution ,on the .2-p.osition of 
inositol ring would explain the PI-PLC resistance of the 
^ palmitoylated anchors r since the bacterial PLC enzyme 
operates via nucleophilic attack of the phosphorus atom by 
the hydroxyl group at the 2-position of the. inositol ring. 
This finding led to the suggestion that occupation of the 
myo-inositol 2-position hydroxy group by palmitate would 
automatically preclude tne action of this enzycae. As shown 
for DAF and some otber GPI-linked proteins they can exhibit 
differential inositol acetylation and this structural 
variation is regulated in a cell-specific fashion, but can 
also be protein dependent (Chen et al-r PNAS USA 95 (199B) , 
9512-9517) . • Tlie biological relevance of . GPI-anc4ior 
structural variability among different blood cell types 
remains incompletely understood. The presence of additional 
fatty acid chain (acylation) in the hydrophobic domain 
p probably improves the attadiment of the molecule to the 

external leaflet of the membrane. The presence of this 
acyl-chain on the inositol ring in erj^hrocyte associated 
anchorsr renders these structures resistant* to cleavage by 
PI-PLC and less sensitive to PI-PLD cleavage when purified. 
The resistance to be released by phoepholipasesr either by 
blocking the lytic mechanism of a phosph&tidyl-specif ic 
phospholipase Cr or by retaining membrane association 
following cleavage of phosphatidic acid by anchor specific 
phospholipase may enhance the membrane stability of 

these proteins over time, consistent with the longer (120 
day) life span in the circulation! of ea^ythrocytes, as 

1 ; ' 
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compared with leukocytes. 

j 

The following Bscperiaients ware primarily carried out in 
order to determine the primary structure and molecular 
parameterfe of the lipid structiire of ACA and to con^iare 
these parameters with those of other GPI-linked proteins. 
The susceptibility of a protein to release from a membrane 
surface by bacterial phoaphatidyllnbsitol- specific 
phospholipase (PI-PLC) is the original indicator for the 
presence of a GPI anchor. However, as already mentioned 
above, some GPI anchors are resistant to hydrolysis by 
bacterial PI-PLC, like erythrocyte membrane proteins, and 
this resistance depends on additional acylations on 
inositol ring. 

To investigate whether ACR is anchored in the membrane 
bilayar by covalent attachment of the C-tarminal amino acid 
• residue to a glycosylphosphatidylinositol, the specific 
hydrolysis of the phosphodiester bond of 
phosphat idy linos itol was studied using di^fferent anchor 
degrading enzymes. First it was observed that the effect of 
PI-PLC on erythrocyte membrane protein fraction led to a 
disappearance of a very faint electrophoretical band which 
was later identified as the new human erythrocyte protein. 
Because of the very low abundance of this protein on the 
■^'^ surface of erythrocytes, the lipid portion of this molecule 

was further analysed on the purified protein. 
Phospholipases c hydrolyses the phosphodiester linkage to 
produce 1, 2-diacylglycerol, alkylacylglycerol and the 
phosphorylated polar head group, while the phospholipases D 
hydrolyses the phosphocli ester linkage to produce a 
phosphorylated l,2-:diacyl glycerol or alkylatylglycerol and 
the polar head group with an exposed hydroxyl group. As 
shown in Figure 5A, there was no portion of the ACA protein 
which remained resistant to anchor degrading 
phospholipases. The native, intact protein- exhibits slow 
migration, indicative of detergent 'micellar association. 
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The PI and OPI-PLC hydrolyzed protein of RBC ACA, exhibited 
more rapid migration, cliaracteristic of a detergent- free 
hydrophillc species. 

The ACA protein treated with glyco5yl--p]aosphatidyllnoBitol 
phosplxolipase D shows no changes in electrophoretic 
mobility, when contpared to the native protein (Figure 5B) . 
The lower electrophoretic mobility of GFI-PLD digested 
protein, when compared to the PI-PLC digested one^ is due 
to the lack of a phosphate (negative dharge) on the 
inositol ring of the degraded protein. 

Bzanple 4 s Presence of the oross-reacting determinant (CBD) 

epitope on ACA 

A polyclonal antibody raised to the soluble form of the 
variant surface glycoprotein (sVSG) cross-reacts with other 
unrelated GPI-anchored proteins. This "cross-reacting 
determinant" (CRD) is only exposed' when the protein is 
converted into a hydrophilic form by the action of either 
bacterial PI-PLC or eulcaryotic GPI-PLC. In the case of 
soluble form of variant surface glycoprotein (sVSG) ^ three 
overlapping epitopes are involved in this recognition, the 
ino*sitol 1,2-cyclic phosphate generated on phospholipase C 
cleavage of the anchorr the non-acetylated glucosamine 
residue, and the variable galactose branch. It is also 
Jaiown, that regarding mammalian proteins, the major epitope 
involved in this recognition is the . inositol l^Z-cyclic 
phosphate. Thus, the recognition of a proteinr following 
phospholipase C cleavage by an anti-CRD antibody is the 
most powerful evidence for the presence of a GPI-anchor. In 
the next set of experiments it was sought to determine 
whether anti-CRD antibodies recognized a soluble form of 
isolated ACA protein- As demonstrated here^ hiaman 
erythrocytes ACA exhibit >99% PI-PLC sensitivity to the 
action of phospholipases C, Glycosjil-phosphatidylinositoi 

I 

I 

I 

I 
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phospholipase C digested protein was eiectroplxoresed, and 
than siJbjected to Westeam-blotting using anti-cwj antibody 
(Figure 6) . As positive control, the meifibrane form of 
variant surface glycoprotein (mVSG) was digested with the 
same anchor degrading phospholipases- As negative control, 
the native form of ACA and GPI-PLD cleaved protein were 
blotted simultaneously and labeled with anti-CRD antibody. 
The GPI-PLD cleaved molecules do not react with anti-CRD 
antibodies indicating that- this ehzyme leaves 
phosphodiacylglycerol and 1, 6 myo-inositol as reaction 
products, destroying the CRD antigenic determinant by 
preventing the formation of D-myo-inositol 1,2-cyclic 
\^ phosphate. The membrane form of ACA was also used as a 

negative control,' as eaqiected it was not recognized by 
anti-CRD antibodies. 

Example 5: lEdentlficatlon of the lipid substituents. of the 

ACA ancOtor 

Pl-and GPI-PLC digested purified protein was further 
hydrolyzed with triacylglycerol acyl-hydrolasa , giving the 
1,2 diglyceride and fatty acid as first reaction products, 
followed by carboxylic ester hydrolase - ain enzyme which 
accelerates the total hydrolysis by a specific cleavage of 
soluble glycerida, leaving glycerol and fatty acids as the 
final reaction products. Glycerol was then determined 
enzymatically, with GK, PK and LDH as ■ auxiliary and 
indicatory enz:^es. The scheme of all enzymatic reactions 
leading to total hydrolysis of lipid tail of ACA anchor, 
and enzymatic reactions for determinations of glycerol are 
outlined in Figure 1.. The decrease in extinction at 340 nm, 
334 nm and 365 nm due to oxidation of NADH is measured and 
Released glycerol calculated in g/l. The amounts of 
released glycerol by hydrolysis with PI and GPIr 
phosphatidylinositol specific phospholipases followed by 
specific deacetylation were similar^ indicating the same 
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Specific activity of both enzymes on ACA. (Table I) - 



Table X: Detezmlnatlon bf glycerol csoncentration 



Felease of ^l^ceara^ 




PI-P1.C 


GPI-PLC 


65 kDa 


o,o4S g/l 


0,038 g/l 



The data show the amount of released glycerol after total 
hydrolysis of AC31 lipid tail. 

^ To further investigate the structure of the hydrophobic 

domain in red blood cells ACA particularly the fatty acids 
composition^ the fragments generated were analyzed by total 
hydrolysis of the anchor- The photoattivated reagent ["*J] 
TID was used which was shown to partition strongly In favor 
of the lipid phase of meanbranes and the photogenerated 
carbene, labels the lipid groups of intrinsic membrane 
' proteins in a highly selective manner. Samples of ["®J] TID 
labeled, purified proteins were subjected to hydrolysis 
with GPI- phospholipase C, The lipid products of these 
reactions were further hydrolyzed with highly specific 
lipases/ triacylglycerol acylhydrolase and carboxylic-ester 
hydrolysor as described in Experimental Procedures. The 
released radiolabeled fragments were extracted and analyzed 
by thin layer chromatography and autoradiography. Membrane 
form of variant surface glycoprotein (mfVSG) from 
trypanoBoma b^rucei was ["^J] TID labeled and hydrolyzed in 
the same manner as ACA^ . and subjjected to thin-layer 
Chromatography as a control (Figure. T'). 

The major lipid species obtained by total hydrolysis of 
anchor of ACA exhibited the same mobility as labeled fatty 
acid tail of commercially available VSG/ indicating the 
same 1/2-diacyl myristat© structursr. differing from other 
erythrocyte GPI-linked proteins which hav^ alkyl-acyl 
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glycerol axx<3. xiif ferent fatty acids as a lipid tail of the 
molecule . 



Exasapl^ 6; Generation of an ACA speoiflc antibody and 
detection o£ its expression on erythrocytes 

A purification method was established to obtain large 
amounts of protein necessary for iiraaunisation of 5 BALB/c 
mice, according to standard procedures. To improve the 
. understanding of this novel molecule/ first a mouse 
polyclonal antibody was produced and its specificity was 
\^ tested with different sanqples of crude protein extract/ 

purified protein, red cell mEmbrane, and cell-free 
extracts. The specificity of the polyclonal antibody was 
tested in Western-blots, with 'various protiein fractions. 
Ammonium sulfate protein extract obtained from erythrocyte 
membranes as described in Example 1, was. dissolved in 
storage buffer, dialyzed against the same buffer and 
subjected to reducing SDS-PAGE. The homogeneously purified 
ACA protein and protein extracts obtained from erythrocyte 
ghosts and ghosts obtained from human, erythrqleukamia cell- 
line CK-562} were subjected to SDS-PAGE, and then 
transferred to nitrocellulose membranes. The polyclonal 
mouse serum specifically reacted with the 65 kD band 
corresponding to ACA protein (Figure 8) . No reactions with 
other proteins were observed. The faint band of erythrocyte 
crude protein extract shows a high specificity of antibody 
to this novel antigen and a vary low abundance of this 
molecule in the plasma xaembrane of red. blood cells, 
compared to human blood malignant cells. 



Example 7 : Expression of ACA on peripheral blood cells 

To investigate the in vivo expressibn of icA in various 
peripheral blood cells, flow cytoietry and immunoblot 
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-analysis With the monoclonal abs (ACl and AB12) and 
polyclonal antibody ALl, .directed against the ACA protein, 
were performed. The results are shown in Figure 9{a-f) and 
Figure 16(a,b). It was. found that both monoclonal 
antibodies strongly react with granulocytes, monocytes and 
a small subpopulation of lyn^phocytes, indicating expression 
of ACA on those cells. The percentage of positive cells in 
each population obtained from the analysis of 20 healthy 
volunteers is shown in Figure 10. 



Bxanqple B; GPX-ancaiorxng of ACA. 

TO investigate the form in which ACA is embedded in the 
membrane lipid bilaysr, purified granulocytes and 
lymphocytes from normal volunteers, • after treatment with 
phosphatidyl inositol-specific phospholipase C (PI-PLC) , an 
enzyme which hydrolyses the GPI-anchor and removes GPI- 
linJced proteins from the cell membrane, were analyzed. 
After one hour of exposure to PI-PLC, granulocytes became 
ACA negative, confirming the presence of the GPl-anchored 
protein. A representative histogram of PI-PEC treatment of 
granulocytes is shown in Figure llti. Additional negative 
control was performed on purified granulocytes with 
glycosylphosphatidylinositol phospholipase D (GPI-PLD) . It 
is known that this enzyme reacts with GPI-linked proteins, 
even with those acetylated on an inositol ring - a chemical 
modification which renders many ptoteins resistant to 
action of PI-PLC. However, the enzyme canhot solubilize 
GPI-anchored proteins from intact membranes but only 
separates th^m from their anchor, if the proteins have been 
solubiltzed out of the menibrana. Granulocytes from healthy 
donors were treated with GPI-PLD and. as expected, ACA was 
not removed from the cell surface (Figure 11c) . In control 
experiments, digestion with PI-PLC was performed on 
cultured human arythroleuJcemia (HBL) cell line and the 
expression of ACA and GPl-anchored DRF proteiin (CD55) were 



i 
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monitored. HEL cells becomer ACa- and CD55- negative, after 
the action of PI-PLc under the same reaction conditions as 
those used for granulocytes (Figure 11 d-f ) , 



Sacanple 9: AC^ is eaqpressed on peripheral B cells 

As shown in Figure 9 only a sxabpopulation of lymphocytes 
e2?presses ACA. In order to define the relevant sxibpopulation, 
expression of ACA was analyzed on purified peripheral B blood 
lytophocytes. In a first experiment^ B-cells were isolated, 
from healthy donors by rosetting. In one-color aialysis with 
ACA-specific laonodonal antibodies more than 90% of isolated 
cells showed escpression of the protein (Figure 12a) . ACA was 
partly removed from the surface of those cells with Pl-PLC 
under slightly different reaction conditioner as those used 
for digestion of granulocytes, A detergent, Triton X-100 was 
added to the enzyme solutiour to increase its specific 
activity. Staining by ACA antibodies .was markedly reduced, 
suggesting that this antigen is also phosphatidylinositol 
(PI) -linked (Figure 12b). However r treatment with higher 
concentrations of PI-PLC'did not give, a- fturther decrease in 
binding of ACA antibodies suggesting that not all molecules 
are sensitive to this ensyme (Figure 12b) . Two-color analysis 
of purified B lymphocyte shows that .all CD 19 and CD20 
^ positive cells iwre ACA positive (Figure 12 c-e) , peripheral 

blood lyn^hocytes shows that about 10-15% of cells coexpresse 
. CD19r CD20^ and ACA corresponding to the B lyn?>hocyte 
siibpopulation (Figure 12 f-h) . 



Example 10: Expression of ACA on EBV-transformed noznial and 
paroxysmal nocturnal haemoglobxnuria (P!NH) B lyziphocytes 

The expression of ACA in EBV-transformed normal and PNH 
patient B lynqphocytes was fxirther analyze/dp Paroxysmal 
nocturnal haemoglobinurla is an acquired haematological 
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disorder characterized by- conplement-inediBted haemolitic 
anaemia caused by deficient GPI andhored proteins. In one 
color flow cytometryr EBV-traiisforBBed PNH B lyinpliocytes 
show significantly reduced fluorescence (Figure 13b) using. 
anti-ACA antibody, when compared with EBV-trans formed B 
lyn?)hocytes obtained from a healthy volunteer (Figure 13a) . 

Exanple 11: ACA is not expressed on T-oells 

Expression of ACA on T-cells was analyzed by double-staining 
of purified peripheral blood T lymphocytes with ACA-specific 
antibodies (Figure 14) . T-cells were isolated from peripheral 

^ blood as described in Material and Methods and double stained 

with typical T-cell marlcers (CD3, CD4 and CD8) . Of purified 
T lyii5>hocytes mora than 95% were ACA-negative. (Figure 14 a- 
d) . Additionally, two-color analysis of PKIC confirmed the 
previous data. Cells expressing typical T-cell markers like 
CD2 and CDS were ACA negative (Figure 3.4e-h) . Moreover, even 
the y5 T-cell subpopulation was ACA-negative (Figure 14f ) . 
GPI-positive and CT'I-negativa' T-cell clones obtained from PNH 
patients Were analyzed by two-color • flow cytcanstry. Even 
cells ea^ressing the GPI-linked CD48 antigen ware con^Jletely 
JWCA-negative. Representative histograms are shown in Figure 
15 a,b,c. Additionally, various cell-lines derived, from 

• ^ . malignancies of T-cell origin (MOLT 4, CEM, JUBKAT J6) vrere 

analyzed. None of them showed surface eacpression of ACA 
(Figure 15 d-f ) . The findings led us to concliade that ACA is 
ea^pressed exclusively on B-cells- 

t 

Eacanple 12: Detection of ACA in solubilized tnsnibraneB of 
ezythrooytes ; granulocYtes , and B-oells 

Solubiiized 'ACA obtained from various peripheral blood 
cells was electrophoretically separated and transferred to 
nitrocellulose. The filters were then' probed 'with anti-ACA 
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antibodies. The antibodies recognized a ,65 kD protein 
corresponding to ACA in solubilized granulocytes and B- 
cells (Figure. 16 a). Moreover, «ie ACA protein was 
inottunodetected in supematants of granulocyte cultures 
after- but not before treatment with. PI-PLC (Figure 16b) . 
In contrast to the negative results obtained by flow 
cytometry regarding the escpression of ACA on erythrocytes - 
a finding reflecting the very low abundance of the molsculs 
on these cells, imnnanoblotting with polyclonal and 
monoclonal antibodies clearly shows the presence of ACA on 
erythrocytes (Figure 16) . 



Ezanple 13: ACA is overeacpressed in nnlanoma and some 

leukemia cells 

To elucidate the possible role of ACA in sjpecif ic signal 
transduction pathways during carcinogenesis, a large series 
of benign and malignant cell lesions, and their metastases 
were studied for thla ejqpreseion and distribution of 2VCA. 

Results 

CA) Distribution of ACA In normal skin 

Weak ACA-esqpressxon in resting melanocytes 
ACA is expressed in normal skin in melanocytes scattered 
through the basal layer. Langerhans cells (derived from 
monocytes!) in supra basal layer are stained, but to a 
lesser extent (Figure 17 a, b) . 

Strong ACA-eaqpression in dividing melanocYtes 
Melanocytes are stained heterogeneously with monoclonal 
antibody to ACA. The highest expression of ACA was foiand 
when the cells divided, i.e. progressed from. G2 phase to' 
mitosis (Figure 18 a, b) . 

I 
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No ACZ^— escpreissxon an kex^aUnocytes 

Primary luaman epidermal keratinocytes and keratinocyt© cell 
line (HaCaT cells) (a gift of Prof. Fasenig, German Cancer 
Research Canter) show no expression of ACA in 
immunocytological staining (Figure 19 a^ b) or Western Blot 
(Figure 19c) • 

(B) Eacpzessloa of ACA in skin neoplasia 

Strong AGA-eacpresBion in dividing melanoGytes off Congenital 
Nevus 

■ Congenital Nevus inelajiocytes In basal epidermal layer and 

abovo react strongly witb antibodies to ACA. One third of 
large congenital navi expressed ACA in small clusters of • 
heavily pigmented cells ^ corresponding to so-called 
proliferative nodules. The same cell type in dermal layer 
(predominantly non-dividing .melanocyt;es ! } was not stained. 
These results confirm the previous finding about 
preferential . expression of ACA in dividilng cells and 
. indicate that cells with metastatic potential have the 
highest expression of ACA (Figure 20) . 

Strong ACA-eacpression in melancimaL cells 

Expression of ACA is highly upregulated in primary 
. ^ ^ metastatic melanoma (Figure 21 b) . Therefore/ antibodies 

to ACA can be used for detection of melanoma metastasis 
(Figure 22 a, b) . . 

ACA is not expressed in basalioma and sBpinalibma 
Expression of ACA is specific for melanocytic and melanoma 
lesions. Other types of skin tumors, like .basalioma and 
spinalioma are ACA negative (Figure 23 a, b) - 

Higb ACA-ea^ression in melanoma is confirmed by 
immunoblotting 

Unmunoblot analysis of homogenized normal skin and melanoma 
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tumor tissues w^th monoclonal antibodies to ACA confirm the 
specificity of antibodies and elevated expression of this 
protein in melanoma when coB4>ared to normal tissues (Figure 
24) . 

(C) Eacpression of ACA in other tumors 

Hmnunoblot analysis of homogenized fresh tumor tissues 
shows eaqpression, of • ACA antigen in renal, lung, breast, 
colon, gastric cancer, melanomja and myeloma (Figure 25} . 



(D} Sapression of ACA In hematopoietic cells 

ACA is eacpressed in noxnal human progen±i»z cells 
A purified bone marrow progenitor cell preparation was 
analyzed by one or two-color flow cytometry as described in 
Example 1 regarding ACA co-eacpression with various cell 
markers. Figure Figure 26 b-d analyzes the progenitor cell 
population used in this study (co-expression of CD34/ca538, 
CD34/CD90, CD34/CD117) . Figures 2ee-h show co-easpression of 
ACA on CD34/CD38-, CD34/CD90-, CD34/CD117-; CD34/HLA-DR- 
positive cells. Figiires 2ej-l show .coT-esqpression of ACa 
with the following markers: CD13 (myeloid marker) (Fig. 
26:)), CD33 (panmyeloid marker) (Fig. 25k), CD34 
(hematopoietic precursor cell marker) (Fig. 261) . Figures 
2Sa,i represent negative controls. 

ACA Is e^resfiod in leufcania cells 

One-color flow cytometry histograms show expression of aIca 
on hiaman erythroleukemia (HEL) ( Fig. 27a) , human 
proroyelocytic leukemia (HL-60) (Fig. b) , and human chronic 
myelogenous leukemia (K-562) (Figure 27 c) . Imm.unoblot 
analysis with anti-ACA antibodies of cell-free extracts of 
human leukemia cell lines confirms ACA-expression and shows 
that ACA has the same molecular size as originally 
described for erythrocytes (Figure 28) - 
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Egression of ACA on granulocytes from parosYsmal noctiucira. 
hemoglobinuria (FNB) patients 

aCA is expressed on FNH granulocytes but not on • FNH B 
lymphocytes, although normal B cells express the protein. 
PNH is a clonal stem cell disorder characterized by 
complement-mediated hemolysis, deficient haematopoesis and 
■ occasionally, leukemia. The biochemical disturbance in PNH 
involves the defective synthesis of GPI anchors. As a 
result of this defect, affected cells ar© missing all 
sTirface proteins that use GPI-linkage including proteins 
involved in complement regulation, immunoloigic receptors, 
enzymes and several with untaiown function. 

' The molecular defect found in PNH is due to one or more 
acqolred mutations In PIG-A, an X-linked gene involved in 
the first step of GPI anchor bios.ynthesis. An unusual 
eatpression pattern, of ACA was found in PNH blood cells, 
EBV-transfonoed B-lymphocytes of PNH patients have 
drastically reduced ACA expression, while PNK granulocytes 
show normal surface eacpression of this antigen (Figure 29). 

The Representative histograms show: 

Normal surface eacpression of ACA on PNH granulocytes (Fig. 
29a,b) . 

Unmunoblot analysis with anti-ACA antibody of granulocytes. 
^ membrane protein fraction obtained from healthy donor (lane 

1) versus ENH patient (lane 2) (Figure 29c) . 
Unmunoblot analysis with anti-ACA antibody of PNH 
granulocytes membrane protein fraction, before and after 
treatment with phospholipase C (Figure Z9d) . 
The Bolvible form of ACA in supematiant of granulocytes 
derived from healthy' persons (Figure 29e) ^ and .PNH patients 
(Figure 29f) . 

The presence of ACA on PNH granulocytes could probably 
explain some properties of abnormal jpKH granulocytes not 
, related with PIG-A mutation. It has lotng been' observed that 
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abnoimal PMH cells acbleve clonal dominance within the bone 
marrow and peripheral blood, in maay patients with PNH, 
more than 80% of their circulating granulocytes and 
erythrocytes are GPl deficient, suggesting that the 
abnormal PNH clone has a growth advantagra .over normal 
progenitors. PNH calls are also relatively resistant to 
• apoptosis and this feature appears to be the . principle 
mechanism by which PNH cells maintain a gcowth advantage 
over normal progenitors and could play a role in the 
PTOpensity of the disease to transform into more aggressive 
hematologic disorders. TJhregulated clonal growth may occur 
from signals that enhance cell proliferation or 
alternatively from signals that block apoptosis and enhance 
call stirvival. The presence of Aca. on PNH granulocytes may 
confer this proliferative advantage to the mutated 
hematopoetic stem cell and could play a role in a 
developing of leukemia. 

How could RCA. be expressed on the surface of PNH 
granulocytes in spite of PIG-A mutation? ft- has already 
been demonstrated the unic[ue potential for 6Pi-anchored 
proteins to transfer from one call membrane to another. The 
GPI-anchored proteins were shown to transfer intact and 
functional, implications of this phenomenon , exist in many 
areas including disease transmission (prions) , cell 
<^ -protection (endothelial cells) or protein engineering of 

cell surfaces, which is a potentially powerful technology 
through which the surface protein composition of cells can 
be manipulated without gene transfer. This observation 
demonstrates the potential for GPl-llinked ptoteins to be 
"painted" onto cells which otherwise may be Incapable of 
expressing exogenous proteins . It is possible- that also ACA 
"paint" into PiG-A mutated PNH cell from another cell 
(probably stem cell!) capable of synthesizing anchors and 
according to the already suggested functions of ACA, could 
be responsible for all abnormalities klready described for 
PNH granulocytes. 

I 
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Eaq?ressioii of IVCA in noimal akin and melanoma shows the 
sane phenomenon. • In normal skin AffA is expressed in 
melanooylies scattered through, strattim baaale and to a 
lesser extent in suprabasal layer. Expected expression on 
Langerhans cells (derived from monocytes') =was found but 
also a discrete reaction ("fading out") of anti-ACA. 
antibodies with keratinocytes . Keratinocytes in culture 
show no reaction with anti-ACA antibodies, Bramanoblot 
analysis of keratinocytes with anti-ACA antibody, was. also 
negative. These data indicate that ACA is probably moving 
from another cells and paint onto keratinocytes . rrozan 
sections of primary melanoma and. melanoma metastasis 
stained with anti-ACA antibodies show very strong 
expression of this protein and the same "fading out" 
phenomenon seen also in normal skin. 



Congenital Nevus shows strong expression of ACA in 
melanocytes beyond the b^sal membrane^ again with this 
"fading out" phenomenon. All these data strongly suggest 
that a general mechanism exists that .enable ACA to move 
between the cells. Taking into account that ACA has an 
anchor with diacyl myristat (DZWS) as a lipid "tail, molecule 
known as a potent activator of some protei^n kinases and 
stimulator of DNA synthesiSr it is possible that ACA is 
moving from malignant melanoma cells (probably with some, 
modification on anchor') incorporate into a new melanocytes 
contributing to its uncontrolled growth. Extremely short 
time for the developing of metastasis in skin could be 
explained with this ability of 2«a. protein. 



I 
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1.A surface glycoprotein congjriaing the following features: 

(a) it is GFI-anchored on the cell surface; 

(b) . it can be removed frcao the cell membraine by treatment 
with PI-PLC; and 

(c) its GPI-anchor is characterized by a non-ace tylated 
inositol ring and diacyl glycerol as lipid tail of the 
anchor* 



2. The surface glycoprotein of claim 1 which is the surface 
glycoprotein ACA characterized by the following additional 
features : 

(d) it has an isoelectric point of pH 5.5; 

(e) it is present on progenitor cells^ granulocytes, 
monocytes, B-cells (but not T-cells)r melanocytes, and 
other cells; and 

(f) it is preferentially expressed during cell division 
and in tumor cells/ 

or a salt, functional derivative or active fraction 
thereof. 



3. The surface glycoprotein ACA of claim 2, obtainable from 
human blood by 

(a) isolating and lysing cells; 

(b) isolating, disrupting and ' pelleting the hemoglobin 
free membrane of said cells; • 

(c) repeated salting out of the resuspended membranes 
with ammonium sulfate {70%; 40% saturation) ; 

(d) subjecting the proteins precipitated in step (c) to 
preparative SDS-PA(ai under reducing! conditions; and 

(e) isolating the gel band of the protein. 



4. The surface glycoprotein ACA of claim. 2 or 3 having a 
molecular weight of about 65 kD when analyzied by SDS PACE 
under reducing conditions. 

5. The surface glycoprotein ACA. of any one of claims 2 to 4 
whidi contains at least one of the following amino acid 
sequences: 

(a) D-L-V-P-L-E-D-K-V-T-I-L-G-M-T-A; 

(b) K-L-A-L-S-A-D-D-P-G-P-H-N-F-S-H-Q-R-Q-T; 

(c) D-Q-Q-T-T-S-H-S-S; 

(d) V-L-E-I-M-L-P; 

(e) F-Q-D-E-S-E-A-N-K; 

(f) M-K-Y-V-N-F-K-F-Y-P; 

(g) N-L-D-P-M-T-W-G-V-T-K-V-T-Y-I-G-Q-P-T-G-G; 

(h) L-L-M-D-N-N-E-A-V-H; 

(i) F-D-Q-A-W-A-D-T-A-H-T-W; 

(j) K-L-D-D-I-Q-K-D-M-Y-S-Q-Q-D-T; or 
(Ic) G-V-M-I-M-K-N-Q-t-T. 

6. The surface glycoprotein ACA. of any one o:^ clai m s 2 to 5 
which is isolated from blood cells. 

t 

7i A process for the isolation, of a s\ir face glycoprotein 2\CA 
which conqprises: 

a) isolating and lysing cells from human blood; 

(b) isolating, disrupting and pelleting the hemoglobin 
free menibrane of said cells; 

(c) repeated salting out of the resuspended membranes 
with ammonium sulfate (70%; 40% saturation) ; 

(d) subjecting the proteins precipitated in step (c) to 
preparative SDS-PAGE under reducing conditions; and 

(e) isolating the gel band of a 65 kD protein- 
s' The surface glycoprotein ACA produced by the process of 
claim 7. 

9. The sxjarface glycoprotein of any one of clainja 1 to 6 which 
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is a recombinant protein. 

10. The surface glycoprotein of claim 9 which is produced in 
a mammalian cell. 

11. A nucleic acid molecule comprising a nucleotide sequence 
encoding the surface glycoprotein ACA. or. a functional 
derivative or fragment thereof of any one of, claims 2 to 7/ 
wherein said surface glycoprotein ACA contains at least one 
of the following amino add se<^ences: 

(a) D-L-V-P-L-E-D-K-V-T-I-L-G-M-T-A; 

(b) K-L-A-L-S-A-D-D-P-G-F-H-N-P-S-H-Q-R-Q-T ; 
(C) D-Q-Q-T-T-S-H-S-S; 

(d) , V-Ii-E-I-M-L-P; 

(e) F-Q-D-E-S-E-A-N-K; 

(f) M-K-Y-V-N-F-K-F-Y-F; 

(g) N-L-D-F-M-T-W-G-V-T-K-V-T-y-I-G-Ch-P-T-b-G; 

(h) L-L-M-D-N-N-E-A-V-H; 

(i) F-D-Q-A-W-A-D-T-A-H^T-W/ 

(j) K-L-D-D-I-Q-K-D-M-Y-S-Q-Q~D-T; or 
(Ic) G-V-W-I-M-K-N-Q-I-T, 

12. The nucleic acid molecule of claim 11 wherein the 
nucleotide sequence is a genomic TSSK sequence or a cDNA 
sequence. 

13. An expression vector conqprisJLng the nucleic acid molecule 
of claim 11 or 12. 

14. A host cell transformed with the esipression vector of 
claim 13. 

15. The host cell of claim 14 which is a mammalian host cell. 

16. A process for producing a surface glycoprotein ACA 
coniprising the steps of: 

(a) culturing a transformed host cell according to claim 
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14 or 15 in a suitable cultvire medium; and 
(b) isolating the protein form tlid cells or the cultujre 
medium. 

17. An tantibody to the surface glycoprotein according to any 
one of claiitts 1 to 6 or 8 to 10. 

18. The antibody of claim 17 which is a monoclonal antibody- 

19. A method for the. diagnosis of a tumor associated with 
overexpresslon of ACA or a predisposition for such a tumor 
which comprises 

(a) contacting a target sample with a compound which is 
capable of specifically binding (i) to the' surface 
glycoprotein AGA according to any one of claims 2 to 6 or 
8 to* 10 or (ii) an inFNA transcribed from the nucleic 
acid" molecule of claim 11 or 12 and dteteimining the 
level of ACA or ACA mKHA; and 

(b) comparing the level of ACA protein or ACA-mRNA of 
the » sample determined by use of the compoxind of step 
(a) with a control sample obtained from a healthy 
individual/ wherein an elevated level of the surface 
glycoprotein ACA or . the corresponding mRKA is 
indicative for a tumor or a predisposition for such a 
tumor. 

20. The method of claim 19, wherein the aoiiqpound is an 
antibody of claim 17 or 18 or an oligonucleotide which is 
capable of hybridizing to an mRNA transcribed from the 
nucleic acid molecule of claim 11 or 12 • 

21. A pharmaceutical composition containiiig a compound 
capable of reducing or eliminating (a) the - expression of 
the nucleic acid sequence encoding the surface glycoprotein 
ACA and/or (b) the biological activity of ACA. 

22 . Use of a compound capable of reducing eliminating 
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(a) the expression of the nucleic acid sequence, encoding 
the surface glycoprotein RCK and/or (b) the biological 
activity of ACA for the preparation of a phaimaceutical for 
the treatment of cancer or prophylaxis. 

23, The method of claim 19 or 20 or the use according to 
claim 22/ wherein the cancer is a melanoma, leukemia, renal 
cancer, lung cancer, breast cancer, colon cancer, gastric 
cancer, or any other form of cancer. 

24. A kit containing the antibody of claim 17 or 18 or an 
oligonucleotide which is capable of hybridizing to an nMilA 
transcribed from the nucleic acid molecule of claim 11 or 
12. 
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i^stract 

GPl/anchored glycoprotein Aa\ as a novel tumor marker 

Described is a GPI-anchored surface glycoprotein having a 
GPl-anchor which is characterized by a non-acetylated 
inositol ring and diacyl glycerol as lipid tail of the 
anchor. A particular glycoprotein of the Invention, ACA, is 
strongly expressed in melanoma cells and somd leukemia cells, 
thus, is an useful marker for diagnosis of sAid tumors. The 
invention also relates to salts, functional* derivatives and 
active fractions of ACA having substantially the ssime 
spectrum of biological activities of ACA. The invention 
also relates to a process for the purification of ACA, to 
its cloning and its production by recombinant DNA 
techniques. It further relates to diagnostic compositions 
comprising an anti-ACA-antibody or an oliogniicleotide probe 
capable' of hybridizing to ACA-mRNA and to pharmaceutical 
compounds containing a compound capable of reducing the 
expression of ACA or the activity of the protein. 
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FepddeA: I>-L.V'f-L>£-Jl-K-VJr-I-Ii^IVl-T-A 
PeptMBlBx K'l^l^^-Af9-J>-9-G-V-ftJK 
»cptiacCx D-<Hi-T-T-S-H<5^ 
Peptide Di V4^1.4Ml-I^P 

Peptide Fi M^Y-V-N-F-K-F-Y-F 

Pc^bQi N4i4>-S4Ml-T-W-«.V-T4&V.T-Y-I-G-Q-P-T-<^ 
PqptideB: lr-I/-M-D-N*N-e^-V.H 
Peptide I: F-^D-Q-A-W^D-T-A-St-T^W 
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Kg. 19: Nonml famDan cnltuied epidEnnal keratinDcytes (a) and konliBocyteB cell fins HaC^T (b) 

stained wi^ anti -ACA antibody. 
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Fig. 19c: Immnno-blot analysis widi anti-ACA antibody of cell- fiee extracts offmelanocytes 
Oatws 1 and 2), keratinocytBS Qanes 3 and 4), malBcabr weight ^ik w Oana 5). 
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fig. 21 
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F^. UiPwzm secticms of buman xnalanoma stoiiifid wiA anti-ACA antSbody 
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Fig. 22 




Fig. 22:Melaiu>ina sIdA metastasis staiiied wifli antivACA ant&ody. 
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Fig. 24 




WisMz InmHinoWot analyas of nomial ukitt and mejanoma tumour ^^T^^^'^^^^^:^^^' 
HoSogeS nonDal sidn (a), tun^^nmrn^ IgG (nfig. cfc) (b). honrngeidzed diclanama tomour tissues 

obtained fiom diffincsot psoenls (c-z). 
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Fig. 25 




F^. 2S: Imtmi n o blot analysis of hoznogejoized tumour tissues with anti-ACA antibddy: Renal (1)^ 
I^g (2), Bxeast (3), Colon (4). Ga$tdc cancer (S), Melanoma (6) and Myeloma p). 
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Fig.26: ACA is expressed on stem cell: non-munune IgG (a)$ CD3|4/CD38 (b), 
CD34/CX>90 (c), CD34/CDn7 (d), anti-ACA/CD38 (e), '|anti-ACA/pD90 (f), anti- 
ACA/CDl 17 (g), anti-ACA/HLA-DR (h). non-immune IgG !(i), anti-ACA/CD13 (j), anti- 

ACA/CD33(k).anti-ACA/CD34(l). ! 
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Fig. 27 Flow cytometry analysis of ACA - expression da human 
leukemia cell lines: (a) eiytroleukemia (HEL), (b) piomyelocytic 
eiythroleiikenria (HL- 60), ( c) cluonic myelogenxjus leukemia (K562). 
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Fig. 28 




Fig. 28:Ixamuiioblot analysis with anti-ACA antibodies of cell-fr^e extracts of 

human leukemia cell lines: molecular weight marker (1), iniman cbzonic 
myelogenous leukaemia (k-562) (2), human promyeloeytic eiyflizolenlcemia 
(EIlLr60) (;3), human erytiuoleukemia (HEL) (4), human histioc^ lymphoxna 

(tr-937) (5). 
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Fig. 29a/b: Peripheral blood cells of PNH patients were incubated with mouse monoclonal antibodies 
to ACA. pips anti-mousG-IgG FTTC and analysed by FACS. After lysia ofieKythrocytes the 
gianulocytes vr&c^ gated by FSCySSC. 
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Fig. 29c: Lxunimoblot analysis -witfx anti-ACA. antibody of granulocytes 
membrane protein fraction obtained fiom healdiy donor Qm.9 1), versus "BNR 

patient 0«if^). 
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Fig. 29± bmuimoblot ansdysis 'witib anli-ACA autihody of FNH giamiloeytes ^nenihiaiie fiaetioni 
before Qsae 1), aad after iteabiimt -wifli ph0qdio]Eq>ase C 

3)- : 
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Fig. 29 e,£ Ixunnmoblot analysis of soluble &iin of ACA. in supCTiatant of gianulocytes dezived 
fiom healthy donor (d) and PNH patient (e) after fba action of phospljol^ase C. 
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